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STUDIES OF THE WHITE PELICAN IN SOUTH DAKOTA: 
REPRODUCTIVE BIOL(X:;Y OF WILD POPULATIONS 
AND EFFECTS OF POLYCHLORINATED 
BIPHENYLS AND DDT ON THE 
BEHAVIOR OF PENNED BIRDS 
Abstract 
VERNON PAT McCROW 
The learning behavior of penned white pelicans (Pelecanus erythro­
rhynchos) was studied 2 August to 5 October 1972 using a swirrITT1ing 
pool - Y-maze apparatus in an operant conditioning experiment. The 
experiment consisted of three consecutive phases: trial-and-error 
learning, extinction, and relearning. Three groups of nine pelicans 
each were studied: a polychlorinated biphenyl (PCB) treated group, a 
DDT, DDD, DOE treated group, and a Control group. The objective of 
this study was to determine the effects of PCB and DDT, DDD, DDE on the 
learning ability of penned white pelicans. 
Control, PCB, and DDT groups of penned white pelicans learned to 
respond to a positively reinforced stimulus in an operant conditioning 
experiment. Learning performance, in terms of response rates and re­
sponse latency, improved over time in the three groups. Repeated 
trials without reinforcement (extinction) had the primary effect of 
reducing the total number of responses per treatment group while the 
proportion of responses to the previously reinforced stimulus remained 
high. Response recovery was rapid when positive reinforcement was 
reintroduced (relearning), and the proportion of responses to the 
reinforced stimulus remained high through termination of the study. 
Variation among birds within each treatment group was manifested by 
a complete failure to respond by some birds, rejection of reward and 
decline in performance by others, and fluctuation in performance over 
the study by several individual birds. The only significant difference 
among groups was found in the extinction phase of study, in which the 
DDT group exhibited a greater resistance to extinction than the Con­
trol and PCB groups (P < 0. 01), and the Control group exhibited a 
greater resistance to extinction than the PCB group (P < 0.01). It 
·was concluded that consistent differences in learning ability among 
treatment groups were not demonstrated, but the inconclusive nature 
of the results indicates that further studies of the effects of en­
vironmental contaminants on learning behavior are warranted. 
During the surrmier of 1973 a survey was conducted to locate white 
pelican nesting colonies in South Dakota. Four colonies were located 
in northeastern South Dakota� Sand Lake National Wildlife Refuge, 
Brown County; Piyas Lake, Marshall County; North Drywood Lake, Roberts 
County; and Grass Lake, Coddington County. A fifth colony was located 
at Lacreek National Wildlife Refuge, Bennett County, in southwestern 
South Dakota. The 1973 breeding population for South Dakota was 
estimated at 3, 664 pelicans, with the five colonies contributing a 
total of 1, 832 nests (or breeding pairs). An estimated 1, 894 young 
were produced resulting in a production rate for the state of 1.03 
young per breeding pair. The Lacreek colony contributed 65. 5 percent 
of the breeding pairs and 69. 5 percent of the production to the state 
total and had the highest rate of production (1. 10 young per breeding 
-�-�--\.-_,.. _..Lt..,_ £.: .... £" ..... ,..., ,... ...... � ,...r,. Th,., 1'.Jr,.,.,+h n.,.,""'nnrl L=d(P colonv had the 
colonies located in northeastern South Dakota. The Sand Lake Refuge 
colony had a much lower breeding population, production, and production 
rate than the other colonies. 
An intensive study of the nesting colony at Sand Lake was con­
ducted in 1973 to determine nesting effort and success of white peli­
cans using the island and to observe behavior patterns of nesting 
birds. Twenty-nine pelican nests were established in the colony. Eggs 
in 16 nests hatched, nine nests were abandoned prior to hatching and 
six were destroyed and/or abandoned due to raccoon (Procyon lotor) pre­
dation and disturbance. It was estimated that 57 eggs were laid in the 
29 nests (mean = 1. 95), and 28 eggs hatched in the 16 successful nests. 
Thirteen young survived to flight stage for a survival rate of 0. 23 
juveniles per egg over the 99-day period from start of incubation to 
fledging. Rate of production was 0.45 young fledged per breeding pair. 
It was concluded that maintenance of a viable nesting colony of peli­
cans a·t Sand Lake may not be possible if the number of breeding pairs 
and their rate of production continues at the level found in 1973. 
Recommendations for managing white pelican colonies include main­
tenance of islands by controlling bank erosion, creation of islands, 
protection of islands from human disturbance and mamma1ian predation, 
and annual monitoring of pelican breeding populations and production. 
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INTRODUCTION 
The American white pelican (Pelecanus erythrorhynchos) 1 is a 
colonial nesting bird that breeds on inland lakes in the upper mid-
western and western United States and in the central provinces of 
Canada (Lies and Behle 1966, Palmer 1962) . White pelicans may be 
found in their breeding range from March through October; fall mi-
gration usually occurs from mid-September through mid-November (Palmer 
1962). During winter white pelicans inhabit coastal areas of southern 
California, the east and west coasts of Mexico, the Gulf coast, and 
the east coast of Florida (Palmer 1962) . 
The morphological characteristics of white pelicans include: 
totipalmate feet, a distinguishing feature of the order Pelecaniformes 
(Van Tets 1965) ; a large gular pouch, characteristic of the family 
Pelecanidae (Palmer 1962); a wing spread of 8.0 to 9. 5 feet; and all 
white plumage except for the distal two-thirds of each wing, which is 
black. Adult birds weigh 10 to 17 pounds, have a total length of 50 
to 65 inches, and are sexua 11 y monomorphic, al though males tend to be 
larger than females (Palmer 1962). 
Large colonies of white pelicans reportedly nested in South 
Dakota during pre-settlement times (Adolphson and Adolphson 1968, Over 
and Thomas 1946, Thompson 1933) . Numbers of breeding colonies began 
to decline following settlement of the state, and by the late lBOO's 
lscientific nomenclature of birds according to American Orni­
thologists' Union (1957). 
2 
to early 1900's all of the South Dakota colonies were abandoned 
(Adolphson and Adolphson 1968). White pelicans failed to establish 
breeding colonies in South Dakota throughout the early 1900's although 
non-breeding birds and migrants could be found on lakes and reservoirs 
of eastern South Dakota during the spring and summer (Over and Thomas 
1946, Thompson 1933) . Young pelicans are naked and helpless at hatch­
ing, and they require three to four weeks of constant brooding by 
adults (Schaller 1964); consequently, breeding pelicans require colony 
sites that are isolated from human disturbance and mammalian predation 
(Evans 1972, Vermeer 1970). Furthermore, pelicans nest only on the 
ground and prefer open soil to rocky islands for colony sites (Evans 
1972, Thompson 1933). The decline in breeding populations of pelicans 
in South Dakota and throughout the range of the species in North 
America has been attributed to human persecution and disturbance of 
colonies, marrunalian predation, and loss of suitable breeding habitat 
(Vermeer 1970, Lies and Behle 1966, Thompson 1933, Hall 1925). 
Pelicans began nesting at Lacreek National Wildlife Refuge, 
Bennett County and Sand Lake National Wildlife Refuge, Brown County 
shortly after the refuges became established in 1935 (Lies and Behle 
1966). Adolphson and Adolphson (1968) reported that these colonies 
and a ·third colony located at South Waubay Lake, Day County were 
firmly established by 1950. Although specific locations were not 
given, Adolphson and Adolphson (1968) stated that breeding colonies 
also existed on islands or sand bars in five lakes of northeastern 
South Dakota. 
3 
The number of breeding colonies and number of breeding pelicans 
in South Dakota in recent years are uncertain. Lies and Behle (1966) 
estimated that the number of breeding pelicans in South Dakota in 1963 
and 1964 was 1, 450 and 1,900, respectively. Their survey, which in­
cluded the United States and Canada, was based on information obtained 
from correspondence with ornithologists and refuge managers at or near 
known colonies. Vermeer (1970) conducted a comprehensive field survey 
of pelican colonies in Canada; he estimated the Canadian breeding 
population for 1967-1969 to consist of 30, 000 pelicans, about seven 
times higher than the 4, 322 reported by Lies and Behle (1966) for 
1964. Vermeer conc�uded that many Canadian colonies were missed by 
Lies and Behle's survey, thus c?sting doubt on the reliability of Lies 
and Behle's estimate for South Dakota. Adolphson and Adolphson (1968) 
estimated that approximately 8, 000 pelicans nested in South Dakota in 
1967, but these authors did not present data upon which their estimate 
was based. Sloan (1973) conducted a questionnaire survey of white 
pelican breeding colonies in the United States similar to that of Lies 
and Behle (1966); he estimated that the total number of breeding peli­
cans in South Dakota in 1971 and 1972 was 2, 100 and 2, 050, respectively. 
Although Sloan (1973) quoted a report by Bruce K. Harris (in Houston 
1971: 8.69) that 40 pelican nests were found at North Drywood Lake, 
Roberts County, South Dakota in 1971, he did not include this figure 
in his estimate of the total number of breeding birds in the state. 
These three surveys only included estimates for Lacreek Refuge, Sand 
Lake Refuge, and South Waubay Lake in calculating the total number of 
4 
breeding pelicans in South Dakota, as these colonies have been con­
sidered to represent the major pelican breeding colonies in the state 
(Adolphson and Adolphson 1968). Published reports on the status of 
other breeding colonies in South Dakota are lacking although nesting 
pelicans have been observed on several lakes in the northeastern part 
of the state (Robert R. Johnson, Refuge Manager, Waubay National Wild­
life Refuge, personal corrm1unication 20 March 1972). 
Several studies have evaluated the effects of environmental con­
taminants on populations of white pelicans and other fish-eating birds 
(Anderson et al. 1969, Keith 1966, Vermeer and Reynolds 1970). Poly­
chlorinated biphenyis (PCB), DDT, DDD, DDE, and related compounds are 
cf ccncer:1 to scientists because of their worldwide distribution, 
persistence in the environment, build-up in food chains, and toxicity 
to non-target organisms (Risebrough et al. 1968, Rudd 1964, Stickel 
1968). PCB are used as plasticizers, sealers, extenders, and in pro­
tective coatings, asphalt, printing inks, waxes, and adhesives 
(Risebrough 1970). They are similar to DDT in their chemical struc­
ture, insolubility in water, heat stability, and lipid solubility 
(Risebrough 1970). 
Animals that occupy high trophic levels, such as raptorial and 
fish-eating birds, have higher tissue levels of organochlorine in­
secticides than do herbivorous or omnivorous animals. Woodwell et al. 
(1967) reported that the concentrations of DDT residues in carnivorous 
birds were 10 to 100 times those in the fish on which they feed. 
Insecticide analysis of big game mammals, upland game birds, fish, 
5 
and fish-eating birds have shown that the latter (white pelicans and 
double-crested cormorants, Phalacrocorax auritus) have the highest 
levels of any species examined in South Dakota (Greenwood et al. 1967, 
Moore et al. 1968, Greichus et al. 1968, Greichus et al. 1969) . 
Organochlorine compounds have been implicated in the population 
decline of several species of raptors and fish-eating birds (Henny 
1972). Anderson et al. (1969) found a significant correlation between 
eggshell weight and thickness and residues of p,p' -DDE and PCB in 
breeding double-crested cormorants and white pelicans. White pelican 
eggshells today average about 15 percent thinner than before 1945 
when heavy use of pesticides began in the United States (Keith 1970). 
Reports of die-offs and reproductive failure in brown pelicans 
(Pelecanus occidentalis) on the California coast in 1968 and 1969 
(Schreiber and DeLong 1969, Keith et al. 1970) provide examples of the 
acute toxic effects of environmental contaminants on wildlife popu­
lations; they have also stimulated interest in research on the effects 
of sub-lethal levels on the survival and reproduction of wildlife 
populations. Several studies on the effects of organochlorine com­
pounds on behavior have been conducted, based on the premise that the 
ability of an animal to behave appropriately in various situations 
largely determines its survival. Dahlgren et al. ( 1972) found that 
PCB given to laying penned pheasant hens (Phasianus colchicus) 
diminished egg production, hatchability, viability of the embryo about 
the time of hatching, and chick survival during the first six weeks of 
6 
life, but did not affect fertility or eggshell thickness. Keith 
(1966) found that herring gulls (Larus argentatus) nesting in Lake 
Michigan were contaminated with organochlorines and produced eggs with 
defective shells; a relationship between restlessness of adults and 
egg damage was suspected. Effects of dieldrin on the relearning of 
visual discrimination and vigilance behavior by domestic sheep have 
been reported by Van Gelder et al. (1969). These examples show that 
environmental contaminants may adversely affect the survival and repro­
duction of wildlife populations in several ways. The mechanisms in­
volved and the interaction between physiological, behavioral, and 
environmental factors are complex and not fully understood. 
University, Brookings used an interdisciplinary approach to study the 
effects of PCB and DDT, DDD, and DDE on penned white pelicans. The 
Departments of Experiment Station Biochemistry, Entomology-Zoology, 
and Veterinary Science, and the South Dakota Cooperative Wildlife 
Research Unit cooperated in the study. The primary objective was to 
determine the chronic effects of these compounds on young penned white 
pelicans by investigating the relationship between residue level, 
number and type of parasites, tissue pathology, blood chemistry, and 
learning behavior. I conducted the behavior phase of this study by 
using a Y-maze system for operant conditioning with positive rein­
forcement. This technique facilitated a comparison of the learning 
abilities of two treatment groups (PCB and DDT) and one control group 
of penned white pelicans. 
8 
STUDY AREAS 
Studies in 1973 included a survey of northeastern South Dakota to 
locate white pelican nesting colonies. The survey covered 13 counties 
plus the eastern borders of Faulk, Edmonds, and McPherson counties 
(Fig. 1). A colony located at Lacreek National Wildlife Refuge, 
Bennett County, in southwestern South Dakota (Fig. 1) was the source 
of additional data used in the 1973 study. 
Northeastern South Dakota 
South Dakota has a continental climate with extreme summer heat, 
winter cold, and temperature fluctuation. In northeastern South Dakota 
the c:verage annual temperature is 42 F to 45 F r�nging from 100 For 
higher in sununer to -30 F or lower in winter (Spuhler et al. 1971). 
Temperatures may fluctuate 40 F to 60 F over a 24 hour period. Average 
annual precipitation in the northeast study area ranges from 18 to 22 
inches of which 75 to 80 percent falls during the growing season (April 
to September). Lake evaporation averages 32 to 34 inches per year. 
During years with less than average rainfall some lakes become dry by 
July or August. 
Major divisions in relief of northeastern South Dakota are the 
result of Pleistocene glaciation that deposited an average of 40 feet 
of glacial drift and outwash across the state east of the Missouri 
River (Flint 1955). Soils of the region, classified in the Chernozem 
group, developed under tall and mixed grasses in a temperate to cool 
subhumid climate (Westin et al. 1967);. they are characterized by a 
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Fig. 1. Map of South Dakota showing study area (bounded by solid line), physical 
divisions (dashed lines), and locations of pelican colonies (black dots). 
Physical Divisions 
A. Minnesota River-Red River Lowland 
Pelican Colony Sites 
1. Bitter Lake 
B. Coteau des Prairies 
C. J-1me:s River Lowland 
D. Lake Dakota Plain 
E. Coteau du Missouri 
2. South Waubay Lake 
3. North Drywood Lake 
4. Piyas Lake 
5. Grass Lake 
F. Southern Plateau 
G. Sand Hills 
6. Sand Lake NWR 
7. Lacreek NWR 
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deep, dark-colored surface horizon rich in organic matter that grades 
into lighter-colored material and then into a horizon of carbonate 
accumulation. 
The study area encompasses four physical divisions (Fig. 1): 
the Minnesota River-Red River Lowland, Coteau des. Prairies, James River 
Lowland, and Lake Dakota Plain (Flint 1955). 
Minnesota River-Red River Lowland 
This division comprises the broad, gently undulating, valley­
like area of extreme northeastern South Dakota. Elevations range from 
1,000 to 1,100 feet (Flint 1955). Drainage from the area flows east­
ward into Lake Traverse and Big Stone Lake on the Minnesota border, 
while the northeastern slope of the Coteau des Prairies rises nearly 
1,000 feet to form its western boundary. 
Coteau des Prairies 
This highland area slopes gently to the south and west (Flint 
1955) between the Minnesota-Red River Lowland and the James River Low­
land. Elevations range from 2,000 feet on the north to 1,600 feet on 
the south (Westin et al. 1967). The area is drained to the south by 
the Big Sioux River, whose tributaries enter mainly from the east 
(Flint 1955). West of the Big Sioux River the surface of the Coteau 
is dotted with lakes; few lakes occur east of the river. Many of these 
lakes occupy parts of former valleys that have been blocked by glacial 
drift; drainage in this area is not well defined, although most of the 
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lakes are spring-fed and drained. A few that have no outlet are 
highly alkaline due to excess evaporation (Rothrock 1943). Perennial 
freshwater lakes support a variety of fish species allowing white 
pelicans and other fish-eating birds to inhabit the region. 
According to Bailey and Allum (1962) species of fish that are 
commonly found in northeastern South Dakota lakes include: northern 
pike (Essox lucius),1 walleye (Stizostedion vitreum), yellow perch 
Perea flavescens), Johnny darter (Etheostoma nigrum), Iowa darter 
(E. exile), white sucker (Catostomus commersoni), black bullhead 
(Ictalurus melas), white bass (Marone chrysops), bigmouth buffalo 
(Ictiobus cyprinelh1s), seven species of sunfishes (family Cen­
trarchidae), and 14 species of minnows (family Cyprinidae). 
White pelicans nested on five lakes in the Coteau des Prairies 
either in 1973 or in previous years (Fig. 1). Descriptions of these 
lakes follow. 
Bitter Lake, 3.0 mi. S. of Waubay in Day County, covers 3,142 
acres. The lake is highly alkaline serving as an evaporating pan for 
seepage waters from four freshwater lakes: Enemy Swim, Blue Dog, Rush, 
and Minnewasta (Rothrock 1943). The pelican colony site is located at 
the end of a west-shore peninsula, which is approximately 0.7 mile 
long. The peninsula is dry enough during most su1TU11ers to permit access 
to the colony by vehicle. Double-crested cormorants and Canada geese 
(Branta canadensis) have also been observed nesting on the peninsula. 
1scientific nomenclature of fish according to American Fisheries 
Society ( 1970) . 
South Waubay Lake, 3.0 mi. N., 4.5 mi. E. of \vebste:- in Day 
County, encompasses 2,358 acres. White pelicans fonnerl y nested on 
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an open rocky island, 330 feet x 40 feet, covering 0.5 acre, at the 
east end of South Waubay Lake; the island now supports a large nesting 
colony of double-crested cormorants. This colony_was observed from 
the north shore of the lake at a distance of about 0.3 mile. 
North Drywood Lake, 4.0 mi. s., 6.0 mi. w. of Sisseton in Roberts 
County, covers 908 acres. White pelicans and double-crested cormorants 
nest on an open-soil to rocky island, 420 feet x 85 feet with an area 
of 1.0 acre, about 0.2 mile from the north shore. 
Piyas Lake, 2.0 mi. s., 4.0 mi. E. of Eden in Marshall County, 
ha$ on a::-ea of 1,135 ac::-es. White pelicans and double--:rested ".:OM�or­
ants nest on an open-soil island, 415 feet x 160 feet covering an area 
of 1.5 acres, about 0.1 mile from the northwest shore of the lake. 
Grass Lake, 1.5 mi. N., 3.5 mi. w. of Florence in Codington 
County, encompasses 1,329 acres. White pelicans and double-crested 
cormorants nest on two open-soil to rocky islands in the lake. The 
northwest island is about 0.3 mile from the northwest shore, approxi­
mately 770 feet x 175 feet, and covers an area of 3.2 acres. The 
southeast island is about 0.2 mile from the north shore of the lake 
and about 0.6 mile east-southeast of the northwest island; it is 
approximately 750 feet x 65 feet and covers an area of 1.3 acres. 
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James River Lowland 
The James River Lowland is a gently undulating plain between the 
Coteau des Prairies on the east and the Coteau du Missouri on the west. 
It is 200 miles long and 50 to 60 miles wide; elevations range from 
1,300 to 1,400 feet (Flint 1955). The James River, occupying a steep­
walled narrow trench 30 to 100 feet deep, drains the area from north 
to south. It follows a slow moving, meandering course with an average 
gradient, within South Dakota, of 5 inches per mile. In drought years 
short stretches of the James River may dry up. Its tributaries are 
few, and most of them are perennial only in their downstream sections. 
Compared to the Cot�au des Prairies, the James River lowland contains 
few major lake basins (Rothrock 1943). 
Lake Dakota Plain 
The Lake Dakota Plain is differentiated from the morainic James 
River Lowland by a level topography formed by the deposition of sedi­
ments in glacial Lake Dakota (Flint 1955). The Lake Plain is 90 miles 
long and 25 to 30 miles wide throughout most of its length. Elevations 
vary from a little more than 1,300 feet in the north to a little less 
than 1,300 feet in the south. The James River flows from north to 
south.through the center of the Lake Plain. 
Sand Lake National Wildlife Refuge, 3.0 mi. N. of Columbia in 
Brown County, lies within the Lake Dakota Plain. The refuge, es­
tablished in 1935, contains 21,451 acres of lake, marsh, and uplands. 
In developing the refuge two contiguous impoundments of the James 
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River were created; Mud Lake on the north and Sand Lake on the south 
cover a total of 11,211 acres. Most of the impounded area is under 
one to three feet of water; large blocks of cattails (Typhus §.22.·) 
interspersed with open water occupy these shallow areas. 
Several islands were constructed in the impoundments during the 
late 1930's to provide habitat for island nesting birds. White peli­
cans and double-crested cormorants nest on one of these islands 
(Fig. 2). Located at the northeast end of Sand Lake, this island 
is situated in a shallow water area close to a large stand of cattails; 
open water adjoins the island only on its west and northwest sides. 
The island, approximately 155 feet x 85 feet, covers 0.3 acre, and 
has an open surface of silt clay soil with a rocky periphery. It is 
used as a loafing site for ring-billed gulls (Larus delawarensis), 
Canada geese, and several species of ducks. Raccoons (Procyon lotor)l 
and white-tailed deer (Odocoileus virginianus) gain access to the 
island, particularly during periods when water levels are low. An 
artificial goose-nesting structure on the southeast end of the island 
was not used in 1973, I observed the pelican colony in 1973 from a 
blind that was located in the edge of cattails on the southwest side 
of the island. 
1scientific nomenclature of mammals according to Walker (1968), 

Fig. 2. Island in Sand Lake, Sand Lake National Wildlife Refuge, on which white pelicans nested. 
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Lacreek National Wildlife Refuge 
Lacreek National Wildlife Refuge, Bennett County, in southwest­
ern South Dakota lies in a narrow basin on the northern edge of the 
Nebraska Sandhills in the Southern Plateau Division (Fig. 1). This 
division consists of a series of benches and buttes, underlain by 
Tertiary sandstones, siltstones, and shales (Westin et al. 1967). 
Elevations range from 2,800 to 3,600 feet. Soils of the area developed 
under mid and short grasses in a temperate to cool semiarid climate. 
Classified in the Chestnut group, they have a dark brown surface hori­
zon that grades into lighter-colored soil and then into a horizon of 
carbonate accumulat:i,on. Average annual precipitation ranges from 14 
to 18 inches, and annual mean temperatures vary from 45 F to 48 F. 
The original marsh, fed by three small streams that drain the 
Sandhills, was enlarged by construction of a system of dikes and water 
control structures following establishment of the refuge in 1935. 
Lacreek Refuge contains 16,507 acres of which about 5,000 acres are 
under water. Earthen dikes subdivide the lake and marsh areas into 
11 pools. 
Twenty-two species of fish inhabit the refuge pools; carp, flat­
head minnows (Pinnephales promelas), black bullheads, and yellow perch 
are the most abundant species (Zim erman and Burgess 1973). 
White pelicans nest on two islands in Pool 9, largest of the 
refuge pools; this pool covers 1,779 acres. The north island lies 
approximately O. 2 mile from the north end of the pool, is about 175 
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feet x 140 feet, and covers 0.5 acre. The south island lies about 
0.3 mile south-southeast of the north island in the center of Pool 9-
It is approximately 335 feet x 165 feet with an area of 1.3 acres. 
Double-crested cormorants nest on both islands, while Canada geese 
nest only on the south island. 
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METHODS 
Learning Behavior of Penned White Pelicans 
Rearing and Treatment 
Thirty-four white pelicans , aged two to three weeks, were col-
lected from Lacreek National Wildlife Refuge on 19 June 1972 and 
transported by truck to the Wildlife Research Area, South Dakota State 
University, Brookings. The birds were placed in pens that measured 
8 x 8 x 6 feet, had a concrete floor, sidewalls and roof of plywood, 
and front and back of 0.5-inch mesh wire screen. The rearing facili-
ties have been descxibed in detail by DeLaRonde and Greichus ( 1972) • 
?enned pelicans were given a daily ration of black bullheads, 
carp, and bigmouth buffalo supplied by Siouxland Fisheries, Arlington, 
South Dakota. Daily feedings were accompanied by oral administration 
of vitamin B complex ("Albee" , A . H. Robins So., Richmond , Virginia) 1 
and iron supplements (FER-IN-SOL, Mead Johnson Laboratories, Evans-
ville, Indiana) to prevent nutrient deficiencies and anemia. Earlier 
studies conducted at South Dakota State University have shown that con-
trol of aspergillosis, a disease caused by the fungus Aspergillus 
fumigatus, is necessary to prevent debilitative respiratory infection 
and death of penned pelicans (DeLaRonde and Greichus 1972, Greichus 
and Greichus 1973). Control was effected by weekly application of a 
lrrade names and names of companies do not imply endorsement of 
any products used in this study. 
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solution of amphotericin B ("Fungizone", Squibb Co ., New York, N .  Y. ) 
and terramycin (Pf izer Co., New York, N. Y.). 
Six of the young pelicans had d ied by 4 July; necropsy revealed 
that these b irds were emaciated and had proventriculi impacted with 
intestinal roundworms (Contracaecum �. ). On 5 July the remaining 
pelicans were treated with worming medicine (340 mg per Kg body 
weight of "Piperazine-34", M iller Chemical Co., Onaha, Nebraska). 
Thirteen additional pelicans d ied on 6 July ; cause of death was at­
tributed to an overdose of worming medicine. Six young white pelicans 
were captured from North Drywood Lake and 16 from Lacreek National 
Wildlife Refuge on 5 July and 7 July, respectively, to replace the 
dead birds . 
Twenty-seven pelicans were randomly placed into three treatment 
groups on 14 July ; the PCB, DDT, and Control group each contained nine 
birds. Daily treatment application began on 17 July. Each morning, 
for a period of 10 weeks, the PCB-treated birds received 100 mg of 
Aroclor 1254 (Monsanto Chemical Co., St. Louis, M issouri) in 2 ml of 
85 percent ethanol injected into the first fish fed. The DDT-treated 
birds received 20 mg of p,p ' -DDT, 15 mg of p,p'-DDD, and 15 mg of 
p,p ' -DDE (Aldrich Chemical Co ., Inc., M ilwaukee, Wisconsin) in 2 ml 
of 85 percent ethanol injected into the first fish fed. The Control 
group received a fish injected with 2 ml of 85 percent ethanol. During 
the 10 week period of treatment each bird was fed approximately 600 
grams of fish per day. Dur ing the eleventh and twelfth week of study 
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the food ration was reduced by one-half, to approximately 300 grams of 
fish per day, and treatments were not applied. Following 12 weeks of 
study the birds were sacrificed, necropsied , and tissues were col­
lected for analysis. 
Learning Behavior Study 
Learning behavior of the penned pelicans was studied by using a 
Y-maze apparatus in an operant conditioning experiment. The Y-maze , 
made of plywood, was placed in a plastic swimming pool three feet 
deep and 12 feet in diameter. The swimming pool was enclosed with 
plywood panels on all sides; thus, only the interior of the Y-maze and 
the open sky above were visible to birds undergoing testing (Fig. 3). 
Small screened windows at the front and rear of the enclosure per­
mitted observation of the pelicans without permitting the pelicans to 
see the investigators. The distal end of each of the two forks of the 
Y-maze was constructed so that symbols could be presented and removed 
and responses selectively reinforced; a fish could be presented to a 
bird making a proper response in either fork. Two symbols were used 
throughout the experiment; responses toward a red triangle were rein­
forced, and responses toward a yellow circle were not reinforced. A 
response occurred when a bird moved into one of the forks toward a 
symbol so that the tip of its tail passed an imaginary line extending 
from the vertex of the Y-maze perpendicular to the axis of the fork 
(Fig. 4). A bird was given one minute to respond following presen­
tation of the symbols for each trial. If a bird failed to respond 
F ig. 3 ,  White pelican moving toward the back of the 
Y-maze before the symbols were presented. 
Fig. 4. White pelican responding to the red triangle in 
the south fork of the Y-maze. 
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within one minute (a  zero response) the symbols were removed. A 
re.sponse toward the red triangle (a correct response) resulted in 
presentation of a fish followed by the removal of the symbols. A 
response toward the yellow circle (an incorrect response) resulted 
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in immediate removal of the symbols. A white suc�er weighing approxi-
mately 15 grams was used as reinforcement for each correct response. 
The number of correct, incorrect,  and zero responses was recorded 
for each bird tested. Time interval from presentation of the symbols 
to the completion of a response (response latency) was recorded for 
each response. Order in which the birds were tested each day and 
the relative position of the two symbols for each trial were deter-
mined randomly. 
The operant conditioning experiment consisted of three phases. 
Trial-and -error -learning with positive retnforcement was conducted 
each day from 2 to 26  August and 28 August to 6 September. During 
this phase of study each of the birds was given three consecutive 
trials every morning prior to feeding and treatment application. 
The extinction phase �f study , in which responses were not rein-
forced , was conducted from 7 to 20 September. This phase of study was 
composed of three periods. Each period consisted of a maximum of 27 
consecutive trials per bird or the number of trials necessary until 
two consecutive zero responses were made. 
The relearning phase of study , in which correct responses were 
again reinforced , was conducted from 21 September to 5 October. The 
birds were given three consecutive trials per day. During the final 
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10 days of t his phase of study the daily food ration of the birds was 
reduced by one-half and treatments were discontinued. 
For purposes of  analysis, the trial-and-error learning and re­
learning phases of study were divided into consecutive 5-day periods 
(15 trials per bird per period) resulting in seven and three periods, 
respectively. 
The experiment consisted of a randomized complete block design 
with three treatments, three replications, and three observations 
(pelicans) per cell. Mean responses, response latency, and trials to 
extinction were calculated for three main effects (treatments, blocks, 
and periods) ,  three first -order interactions, and one second-order 
interaction . Treatments and periods were fixed, and blocks were ran­
dom. Data were analyzed by a least s quares analysis of variance. 
Duncan's new multiple- range test was used. to test the hypothesis of no 
difference between means in individual comparisons (Steel and Torrie 
1960:107 , 114). 
Reproductive Biology of Wild Pelicans in South Dakota 
Preliminary Studies 
Preliminary data were collected in 1972 with a questionnaire sur­
vey of U. S. Bureau of Sport Fisheries and Wildlife and South Dakota 
Department of Game, Fish and Parks personnel requesting information on 
the location of nesting colonies and other areas used by white pelicans 
in South Dakota .  Letters and data sheets were sent to 14 Federal man­
agement offices and three Game, Fish and Parks Regional Offices. In 
addition, 16 interviews with Federal and State Personnel were conducted. 
On 28 and 29 June 1972, I visited colony sites and counted pelican 
nests, eggs, and young at Sand Lake National Wildlife Refuge, South 
Waubay Lake , Bitter Lake, and North Drywood Lake. These preliminary 
data provided basic information for initiation of studies in 1973. 
Survey of White Pelican Colonies 
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White pelican activity was observed at 64 lakes in the north­
eastern study area from 23 April to 30 August 1973. Repeated obser­
vations of nesting colonies were made after they were located, and 
counts of nesting adults and young were recorded as well as the total 
number of pelicans occupying the colony. These observations were made 
from the mainland to avoid disturbing the island-nesting birds; counts 
were made with the aid of a 60-power spotting scope. The numbers of 
juveniles and fledglings in each colony were counted on 30 August. 
Data from the Lacreek colony were provided by personnel of Lacreek 
National Wildlife Refuge. Numbers of breeding adults and young pro­
duced have been monitored at the refuge each year since 1964. 
Observation of the Sand Lake Colony 
Two hundred thirty-nine hours of observation were made of nesting 
white pelicans from a blind at the Sand Lake colony from 10 May to 18 
August 1973. Descriptions and frequency of occurrence of behavior pat­
terns were recorded as well as nesting cussess and the dynamics of 
survival of young pelicans. The blind, constructed of plywood and 
supported by a log raft, was anchored among cattails that stood in 
about one foot of water. It was located approxirr�ately 30 feet from the 
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southwest edge of the island. The colony site was reached by canoe, 
which was anchored in cattails approximate! y 100 yards south of the 
island. The b lind was then approached on foot. Using cattails for 
cover, I was able to enter and leave the blind without disturbing the 
colony. 
Daily observations were made between 0700 and 1900 hours, although 
this entire 12-hour period was not covered each day. From four to 12 
hours per day were spent in observation. From 10 May to 16 June 
descriptions of behavior patterns and general activity were made. From 
20 June to 1 August frequency of occurrence of behavior patterns of 
incubating or brooding adults and nestlings were recorded on one or 
tv:o nests. Counts of the Pumber of pP.licans occupying the island were 
made at 2-hour intervals. Weather data, also collected at 2-hour 
intervals, included : temperature, estimated percent cloud cover, and 
wind direction and velocity (using a "Dwyer Wind Meter", Forestry 
Suppliers, Inc., Jackson, Mississippi). A 60-power spotting scope and 
7 x 35 binoculars were used in making observations of pelicans in the 
colony. The spotting scope allowed me to read band numbers of 16 leg­
banded pelicans. These sight identifications were reported to the 
Bird Banding Laboratory, Migratory Bird Populations Station, Laurel, 
Maryland. Data on dates and locations of banding of these birds were 
provided by the Bird Banding Laboratory. 
26 
RESULTS AND DISCUSSION 
Learning Behavior Study 
Response Trends 
Behavior in the Y-maze was highly variable among birds within each 
treatment group. Aversive reactions toward the Y-maze, symbols, and 
reinforcement were manifested by a failure to respond toward the sym­
bols or by rejection of the reward. The birds began responding toward 
the symbols at various times, and several birds exhibited periodic 
aversive reactions during the course of the study. Consequently, the 
mean number of birds that responded per day in each group fluctuated 
among the 5-day periods (Fig. 5). Five Control birds, four PCB birds, 
and four DDT birds began responding on the first day of the experiment. 
One bird in the Control group did not respond until the twenty-fourth 
day of study. One Control bird and two PCB birds periodically failed 
to respond and consistently failed to consume fish throughout the study. 
The correct response rate of these birds declined throughout the study 
suggesting that presentation of fish without consumption served as nega­
tive reinforcement for these birds. One DDT bird failed to consume fish 
and showed a decline in the number of correct responses during the re­
learning phasp of study. Two PCB birds and one DDT bird failed to re­
spond throughout the entire experiment; these birds were not included 
in the analysis of data comparing response rates and response latency 
among treatment groups. Thus, the sample size of the Control group, 
PCB group, and DDT group was nine , seven, and eight, respectively. 
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Early in the study the birds exhibited a tendency to direct re­
sponses to the south (left) fork of the Y-maze. Since the relative 
position of the symbols in the forks was determined randomly for each 
trial (by tossing a coin) , a response distribution of 50 percent per 
fork would be expected if responses were random or if the birds had 
learned to respond to a conditioned stimulus. A chi-square test was 
used to determine if the proportion of responses into one fork or the 
other differed from an expected distribution of 50 percent (Table 1). 
Response orientation into the south fork was highly significant 
(P < 0 .01) for the first two periods of study in the Control and PCB 
groups and for the first three periods of study in the DDT group. A 
possible explanation for this behavior is that movement of a bird to­
ward the south forJ.:: corresponded to movement toward the pens and other 
pelicans; the experimental pool was located at the northwest end of 
the pens. Also , the birds entered and left the pool by way of a ramp 
that faced south. I could find no explanation for the high proportion 
of responses into the north fork exhibited by the PCB group (P < 0.01) 
during the fifth period of the trial-and-error learning phase of study. 
As the birds in each group habituated to the experimental situation and 
learned to respond toward the red triangle , orientation into the north 
or south fork became less evident. Significant (P < 0.05) chi-square 
values for the DDT group in the first and second periods of extinction 
resulted from high response rates directed to the red triangle that was 
placed in the south fork more than 50 percent of the trials of these 
periods . An analogous situation involving the north fork accounted for 
significant chi-square values in the final period of relearning 
(Table 1). 
Table 1 .  Number of responses into north (N) and south (S) forks of the Y-maze per period compared 
with an expected distribution of 50 percent using a chi-square (X2) test. 
Treatment Group 
Control PCB DDT 
N s x2 N s x2 N s x2 
Trial-and error learning 
1 21 74 29.56
** 
30 67 14.12
** 
5 61 47 .52
** 
2 15  72 37 .34** 30 74 18 .62
** 
17 59 23.22
** 
3 41 62 4.28* 41 43 0.04 26 59 12.02
** 
4 60 59 0.01 46 36 1 . 22 46 67 3.90* 
5 61 51 0.90 56 30 7 .86
** 
53 67 1.64 
6 63 79 1 .ao 59 49 0 . 93 64 80 1 . 77 
7 67 54 1 .40 46 43 0.10 54 63 0 .70 
Extinction 
1 75 93 1 . 92 48 39 0 . 94 62 90 5 . 16* 
2 14 23 2 . 18 7 4 0.82 53 82 6.�3* 
3 17 12 0.86 4 9 1 .92 9 15 1.50 
Relearning 
l 64 63 0 .01 33 40 0 . 68 67 51 2.16 
2 58 73 1.72 46 32 2. 52 64 58 0.30 
3 62 70 0 .48 36 33 0.13 66 44 4.40* 
* P < 0 . 05, x2 � 3 .84 with 1 d .f. 
** 
P < 0.01 , x2 � 6 . 63 with 1 d.f. 
. · .. _. 
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Under the randomized conditions of the experiment, the proportion 
of correct responses must significantly exceed 50 percent before 
learning is indicated. Total correct and incorrect responses were 
compared with an expected distribution of 50 percent if no learning 
had occurred by using a chi-square test (Table 2). Totals for the 
Control and PCB groups showed that a highly significant proportion of 
correct responses (P < 0.01) was made after the third period of the 
trial-and-error learning phase of study. A highly significant pro­
portion of correct responses (P < 0.01) was made by the DDT group 
after the fourth period. 
The correct re?ponse rate for each group , expressed as a percent­
age of total responses, tended to increase over the 13 periods of 
study (Table 2). It increased from the final trial-and-error learning 
period to the first extinction period in all groups. This increase 
may have resulted from increased motivation to respond correctly, as 
responses were not rewarded , and/or from the increased frequency of 
trials during the extinction phase of study. The Control group reached 
its highest correct response rate in the second period of extinction. 
In the final extinction period the rate decreased in the Control and 
PCB groups,  while correct response rate in the DDT group increased. 
The decrease for the PCB group was due, in part, to the dec.l ine in 
total number of responses (Table 2) associated with a decline in the 
number of birds responding (Fig. 5). Consequently, a correct re­
sponse rate of 77 percent for the PCB group in the final period of 
Table 2. Chi-square (x2) values comp>es per period with an 
expected distribution of 50 percent i 
Control 
Correct Incorrect x2 :orrect 
Trial-and-error learning 
l 58 (6o)a 38 (40) 4. 16* 33 [
49? 
2 51 (58) 37 (42) 2. 22 42 55 
3 62 (57) 47 (43) 2.06 54 �64� 
4 75 (63) 44 (37) a.08*�5 58 
5 71 (63) 41 (37) 8.04�
76 (63) 
6 72 (65) 38 (35) lO • 50*+96 � 
80) 
7 91 (74) 32 (26) 28.30�
2 97) 
Extinction 
l 138 (82) 30 ( 18)  69.43-iH40 (92) 
2 34 (92) 3 (8 )  25.97*+21 (90) 
3 23 (79) 6 (21 ) 9.97
*i23 (96) 
Relearning 
l 100 (78) 28 (22) 40 .50*"' 1 1  (94� 
2 107 (82) 24 (18) 52.58�11 (93 
3 118 (90 ) 13 (10) 84.16*'07 (97) 
a Percentage of the total in parenth 
* 2 P < 0.05, X � 3.84 with l d , f .  
**p < 0 .01 , x2 � 6 . 63 with 1 d .f. 
DDT 
Incorrect x2 
35 ( 51 ? 0.06 
34 !45 
0.84 
31 36� 6.22
* 
48 42 2.56 
44 (37) s.54** 
24 (20) 43.20** 
15 ( 13) 64.68** 
12 (8) 107.79
** 
14 (10) 84.81** 
l (4) 20. 11
** 
7 ( 6 � 91 .66
** 
8 (7 89. 16** 
3 (3) 98.32** 
• 
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Table 3. Mean number of correct responses per bird per period by 
block and treatment during the trial-and-error learning phase of study. 
Treatment GrouE 
Block Control PCB DDT 
1 9.6 7 .4 7.1  
2 7.1  a.a 7.8  
3 6.6 9.6 10.9 
Total 7.7 a.6 a.6 
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1960: 106). Mean number of correct responses increased from the third 
to the fourth period and from the fifth to the sixth period (P < 0.05). 
Absence of a significant treatment x period interaction indicated that 
differences among period means were homogeneous in each treatment 
group. Mean number of incorrect responses also differed among periods 
' ---�- 1 -=�nina ohase of study (F = 5.22, 6/12 d.f., 
(P < 0.01), and the Control group had a higher mean number or UJ.d..L..> 
than the PCB group (P < 0.01) (Table 5). Period main effects were also 
significant for the extinction phase of study (F = 31.07, 2/4 d.f., 
P < 0.01). Period 1 had a greater mean number of trials than period 2 
(P < 0.05), and period 2 had a greater mean number of trials than peri­
od 3 (P < 0 .05). The decline in the mean number of trials .over the 
extinction phase of study was associated with an increase in the per-
centage of zero responses per period (Table 5). There were no signifi-
cant interactions in the extinction phase of study , indicating that 
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Table 5. Mean number of trials per bird through two consecutive trials 
with zero response and percentage of zero responses based on the total  
number of trials for three periods of the extinction phase of study. 
Treatment Extinction Period 
Group l 2 3 Total 
Control 
Trials per bird (No.)a 21.0 7.1 6.2 11.4 
Zero responses (%) n.1 42.2 48.2 33.8 
PCB 
Trials per bird (No.) 16.l 4.2 4.2 0.2 
Zero responses (%) 19.3 63.3 59 .4 17.8 
DDT 
Trials per bird (No.) 20.6 19.6 5.8 15.3 
Zero responses (%) 9.0 12.3 51.0 24.1 
Total 
Trials per bird (No.) 19.2 10.3 5.4 
Zero responses (%) 13.l 39.3 52.9 
aMaximum of 27 trials possible per period. 
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differences between treatment groups in the mean number of trials 
through two consecutive trials with zero response were homogeneous 
among periods, and that a decline in mean number of trials over the 
three periods occurred in each group. The extinction phase of study 
was characterized by: ( 1 )  a decline in the number of birds responding 
over the three periods {Fig. 5 ) ,  (2) a decrease in the mean number 
of trials to reach the extinction criterion of two consecutive trials 
with zero response, and (3) an increase in the percentage of trials 
with zero response {Table 5) . Thus, the primary effect of repeated 
trials without reinforcement was an increase in the number of zero 
responses, while th� correct response rate remained high {Table 2 ) .  
Failure to respond during extinction resulted from an aversive re­
action to presentation of the symbols ; the birds swam back and forth 
from the center to the back of the Y-maze, entered the forks , and then 
retreated before completing a response. 
None of the main effects or interactions were s ignificant in the 
analysis of variance of the relearning phase of study. Variation among 
birds within each treatment group was reflected in the relative mean 
number of c orrect, incorrect, and zero responses of each group {Table 
6) . One bird was responsible for nearly all of the zero responses of 
the Control group, responding on 73 percent of its trials. This bird 
and a second Control bird, with a combined cqrrect response rate of 
64 percent, were responsible for 43 percent of the incorrect responses 
of the Control group; the seven other birds in the Control group had 
Table 6. Mean number of correct, 
relearning phase of study. 
Control 
Perioda Cor. Incor. Zero 
1 11.1 3.1 o.s  
2 11.9 2.1 0.4 
3 13.1 1.4 0.4 
Total 12.0 2.4 o.6 
a Maximum of 15 responses possible 
incorrect, and zero responses of each treatment group per period of the 
Treatment Group 
PCB DDT Total 
Cor. Incor. Zero Cor. Incor. Zero Cor. Incor. Zero 
10.4 0.9 3.6 13.9 o.s 0.2 11.s 1.6 1.5 
10.7 0.6 3 ,8  14.0 0.9 O . 1  12.2 1.4 1.4 
10.7 0.1 4.2 13.6 0.3 1 .1  12 ,5 0.6 1.9 
10.6 0.5 3 ,9  13.8 0.7 0.5 12.2 1.2 1.6 
per period. 
(,.) 
0) 
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correct response rates of 80 to 98 percent over the relearning phase 
of study. Two birds in the PCB group responded on only four and 16 
percent of their trials, respectively, in the relearning phase of 
study. These birds contributed 100 percent of the zero responses of 
the PCB group, accounting for the relatively high mean number of zero 
responses in the relearning phase of study. The correct response rate 
of the five other birds in the PCB group ranged from 91 to 100 percent 
over the relearning phase of study, accounting for the relatively low 
mean number of incorrect responses. All of the zero responses and 28 
percent of the incorrect responses of the DDT group were contributed 
by a single bird that failed to consume the reward and declined in 
responsiveness during relearning. The correct response rates of the 
seven other birds in the DDT group ranged from 89 to 100 percent over 
the relearning phase of study. 
Response Latency 
Mean correct response latency and mean incorrect response latency 
tended to decline over the trial-and-error learning phase of study, 
increase over extinction, and decline during relearning in the three 
groups (Figs. 6 and 7). HO\vever, the PCB group declined less than 
the C�ntrol and DDT groups and showed a greater fluctuation between 
periods of the trial-and-error learning phase of study. 
A significant treatment x period interaction in correct response 
latency for the trial-and-error learhing phase of study (F = 2.59, 
12/24 d.f . ,  P < 0.01) indicated that treatment effects were not 
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homogeneous among the seven periods. In the first period the Control 
and DDT groups each had .a higher mean correct response latency than 
the PCB group (P < 0.05), and in the fifth period the Control group 
had a higher mean correct response latency than the DDT group (P < 
0.05) (Fig 6) . The large increase in mean correct response latency 
of the Control group in period 5 was due to the behavior of two birds. 
One bird that failed to consume the reward and declined in responsive­
ness showed a progressive increase in mean correct response latency 
from the second through the fifth period of trial-and-error learning; 
this bird had a mean correct response latency of 41.7 seconds in the 
fifth period. A second bird in the Control group began responding for 
the first ti�e on the fourth day of the fifth period and had a mean 
correct response latency of 53.0 seconds for the fifth period. Mean 
correct response latency of the seven other birds in the Control group 
ranged from 1.9 to 3.6 seconds. There were no significant differences 
among treatment means in other periods of the trial-and-error learning 
phase of study. 
Mean correct response latency differed among the periods of the 
trial-and-error learning phase of study (F = 14.34, 6/12 d.f., 
P < 0.01). Period means, averaged over all groups, declined from 
period 1 to 2 and from period 5 to 6 (P < 0.05). The significant 
treatment x period interaction indicated that the decline in mean cor­
rect response latency from period 1 to 2 occurred in the Control and 
DDT groups, but not in the PCB group , and the decline from period 5 to 
6 occurred in the Control group,  but not in the PCB and DDT groups. 
Mean incorrect response latency also differed among periods of 
the trial-and-error learning phase of study (F  = 13.91, 6/12 d.f., 
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P < 0.01) with a significant difference between adjacent periods 1 and 
2 (P < 0.01) (Fig , 7). 
None of the main effects or interactions in correct or incorrect 
response latency were significant for the extinction phase of study. 
Sample sizes with respect to response latency were reduced during the 
extinction phase of study because of a decline in the number of birds 
responding and an increase in the number of zero responses. Mean 
incorrect response latency of the PCB group was based on single obser­
vations in the second and third periods of extinction (Fig. 7). 
Ncne of the m:iin effects er interactions in i;orr�ct o-r- incorrect 
response latency were significant for the relearning phase of study. 
Following a decline from the final extinc;tion period, there was little 
difference in mean response latency among treatment groups or periods 
over the relearning phase of study (Figs. 6 and 7). 
Food Ration Reduction 
Ecobichon and Saschenbrecker (1969) found that food deprivation 
in cockerels (Gallus gallus) caused the mobilization of DDT from fat 
depots to the blood stream and brain, which led to toxic signs and 
death of the birds. Keith (1970) suggested that metabolism of stored 
fat under conditions of physiological stress in birds, such as mi­
gration and incubation, results in the build-up of lipid soluble com­
pounds (PCB, DDT, DDD, and DDE) in the blood, brain, and eggs, which 
� . .  
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can lead to eggshell thinning, embryo mortality, and death of the 
stressed birds. The 50 percent reduction in daily food ration of the 
young pelicans during the final two weeks of study was instituted to 
provide a physiological stress on the birds and cause the mobilization 
of PCB , DDT , ODD , and DDE from their fat reserves. 
Live weights of birds on 25 September,  one day prior to food re­
duction, ranged from 5,301 to 6,917 grams for males (mean = 6 ,245 grams) 
and 4 ,536 to 5,868 grams for females (mean = 5,178 grams). The sex of 
the birds was not determined until they were killed and necropsied on 
10, 11 ,  and 12 October. The Control group consisted of eight males 
and one female, the . PCB group consisted of six males and three females, 
and the DDT group consisted of seven males and two females. The high 
proportion of males may have resulted from selective capture of males 
due to their larger size. Weights of birds inm1ediately following death 
ranged from 4,050 to 5,700 grams for males (mean = 5 , 102 grams) and 
3, 700 to 4, 725 grams for females (mean = 4 , 158 grams). Mean percent 
reduction in body weight, following the 2-week period of reduced food 
ration, varied frorr1 17 to 20 percent among the treatment groups (Table 
7). With the reduction in body weight, metabolism of stored fat and 
mobilization of the lipid soluble compounds undoubtedly occurred over 
the two weeks of food reduction. Fat reserves were not exh�usted 
however, as all of the birds were found to be in good condition with 
deposits of body and organ fat present at necropsy. 
Table 7. Mean percent reduction in body-weight following a 2-week 
period with the food ration reduced by one-half. 
Treatment Group 
Control PCB 
Males 19.5 17.0 
Females 24.l 
Total 19.9 17.3 
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DDT 
18.l 
18.5 
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All of the groups attained a high level of learning performance 
in terms of correct response rate (Table 2) and response latency 
(Fig. 6) during the final two periods of relearning. The high pro-
portion o f  responses toward the reinforced symbol in the final period 
of relearning may have been due, in part, to increased motivation in 
the birds, as their food ration had been reduced. Effects on learning 
... - • • • • --- ...... T"'>_ 
Mean levels of DOE in brains and whole bodies of the Control 
group were lower than mean levels found in wild birds (Table 8); mean 
PCB levels in the Control group were higher than those found in the 
sample of wild b irds, but the difference is probably not significant 
Table a.  Means, standard deviations, and ranges of PCB and DDT-complex residues in brains 
and whole bodies of penned white pelicans (ppm - wet weight basis).a 
Brain 
Mean s.o. Range 
Control Group 
PCB 2,99 2 ,54 0.50 - 6.62 
DDE 0.02 0.01 0.01 - 0 ,04 
PCB Group 
PCB 111. 79 35.49 81. 56-174 . 69 
DDT Group 
DOE 15.36 5.34 8.34 - 23.08 
DOD 11.83 4,24 6.07 - 16.69 
DDT 7.38 3 ,29 4.30 - 12.21 
Mean 
25.74 
0 .35 
2,130.03 
327.96 
369.93 
160. 95 
Whole Body 
s.D.  Range 
17 , 96 2.00 - 42,30 
o.oa 0.24 - 0.48 
575. 11 l ,473.63-3,008.32 
77.59 261, 90 - 461. 64 
65.85 273.08 - 492.79 
63.22 75.43 - 270 .36 
aPermission to use residue data granted by Dr. Yvonne A. Greichus, Pesticides Laboratory, 
Agricultural Experiment Station Biochemistry Department, South Dakota State University, Brookings. 
since variation in PCB levels among birds in the Control group was 
high, and the sample of wild pelicans contained only three birds. 
Reproductive Biology of Wild Pelicans 
Preliminary Studies 
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Questionnaires were received from 12 Federal and 20 State person­
nel ; they reported that white pelicans were observed on 22 lakes in 
eastern South Dakota and four Missouri River reservoirs. Pelican 
nesting activity in 1972 was reported for five locations: Lacreek 
National Wildlife Refuge ( 875 nests), Sand Lake National Wildlife 
Refuge (25 to 50 nests), North Drywood Lake (100 nests), South Waubay 
Lake (aoout 15 nests), and BlttH Lo.k� (,1esting effort unknovm� .  Re­
ports indicated that pelicans could be seen throughout the spring and 
summer on lakes in  northeastern South Dakota; all reported colonies, 
except the Lacreek colony, were located in this region. Pelicans were 
observed in other regions of eastern South Dakota and on Missouri 
River reservoirs during spring and fall migration, with a few intermit­
tent sightings during the summer months. 
On 28 - 29 June 1972, I visited the four colony sites reported in 
northeastern South Dakota. Numbers of pelican nests, eggs, and young 
were counted in each colony (Table 9). There were no pelican nests on 
the island in South Waubay Lake. The earlier report of about 15 nests 
on the island was in error, or the nests had been abandoned prior to 
my visit. The breeding population of pelicans had apparently declined 
at South Waubay Lake through the 1960 ' s. In 1963 there were 250 nests 
Table 9. Number of nests, eggs, and young in pelican colonies visited 28 - 29 June 1972. 
Colony 
Sand Lake 
Bitter Lake 
North Drywood Lake 
Nests with Total Total Mean Total 
1 egg 2 eggs 3 eggs Nests eggs Clutch Nestlings Fledglings Young 
12 6 0 18 24 1.3 0 0 0 
102 205 7 314 533 1.7 0 0 0 
3 0 0 28 41 78 119 
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in the colony (Lies and Behle 1966). In 1970 only 55 nests were 
found, and pelicans failed to nest on the island in 1971 (Greichus and 
Greichus 1973). Approximately 400 double-crested cormorant nests were 
dispersed over most of the island in 1972. 
Past records indicate fairly stable production of pelicans at Sand 
Lake during the late 1950's and early 1960's; 200 young were produced 
in 1956 and 250 young were produced in 1957 and 1964 (Lies and Behle 
1966). Production has since declined. On 28 June 1972 18 nests and 
24 eggs were found (Table 9); hatching had not occurred. There were 
360 double-crested cormorant nests on the island in 1972. 
The pelican colony located at the end of the peninsula on the west 
side of Bitter Lake contained the highest number of nests and eggs of 
any of the colonies visited in northeastern South Dakota in 1972 (Table 
9). There was no evidence of hatching of pelican eggs when the colony 
was visited on 29 June. Only 15 double-crested cormorant nests were 
found on the end of the peninsula. 
The island colony on North Drywood Lake contained 117 young peli­
cans in various stages of develoµnent from recently hatched to one-third 
adult size on 29 June 1972 (Table 9). The largest fledglings could run 
and swim easily, and their primary feathers were extended about two 
inches from the sheaths indicating that they were five to six weeks old 
(Schaller 1964). Thus, nesting was asynchronous both within the North 
Drywood Lake colony and between this colony and the Sand Lake and 
Bitter Lake colonies. Schaller (1964) found a maximum of a 2-week 
spread in hatching dates between eight pelican colonies at Yellowstone 
Lake, Wyoming, considerably less than the 5 to 6-week period found at 
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North Drywood Lake. Bruce K .  Harris (in Houston 1971:869) reported 
that 40 pelican nests were found in the North Dryv.,ood Lake Colony in 
1971. Although the nests that were no longer used were not discern­
able ,  production in the colony indicated that the breeding population 
had increased in 1972 (Table 9) . The island supported approximately 
400 double-crested cormorant nests in 1972; these nests were concen-
have been described by Schaller (1964) "  and Van -'Tets·'t.f':'65) ;"<>'"'� ",..,..,,_ 
White pelicans that did not nest on the island used it as a loaf­
ing site. The number of nesting birds was small compared to the total 
number of birds using the island. Twenty-nine pelican nests were es­
tablished on the island in 1973 with a maximum of 23 nests present at 
one time. Counts of the total number of adult and subadult pelicans 
occupying the island, made at 2-hour intervals from 0700 to 1900 hours, 
ranged from two to 356 (mean = 64.4; S.D. = 66.04) over the study 
period. Groups of two to over 100 pelicans arrived at or departed 
from the island at all hours of the day, but the general pattern of 
daily activity was that birris occupying the island in the early morning 
,. 
52 
departed in large groups from mid- to late-morning ; numbers remained 
low during mid-day as small groups and single pelicans arrived and 
left the island periodically; numbers increased during the late after­
noon and evening with the return of large groups of pelicans to the 
island (Fig . 8) . This pattern of activity was generally consistent 
from day to day, although the minimum and maximum number of birds 
occupying the island each day was highly variable; mean daily minimum 
was 28.2 birds (S.D.  = 19.53 ) ,  and mean daily maximum was 115.0 
(S .D. = 100.88). 
Pelicans occupying the island engaged in four classes of activity: 
preening, resting o� sleeping, swimming or bathing, and courting. On 
the average, the largest percentage (43.5 percent) of the birds counted 
at 2-hour intervals were preening. To preen the birds used the tip of 
the bill to bite and pull feathers of the breast, belly, flanks, and 
rump while the longer contour feathers of the wing were stroked between 
the mandibles. Their long necks and bills enabled pelicans to preen 
all parts of their bodies except the upper neck and head. These parts 
of the body were cared for by scratching with the feet. Preening 
bouts were occasionally interrupted by "pouch-shaking 11 (a term used by 
Schaller 1964) in which the head was extended forward and bill pointed 
down while the mandibles were slapped together in rapid suc�ession. 
This activity is thought to rid the pouch of ectoparasites and other 
material acquired in preening (Schaller 1964). On the average ,  preen­
ing was performed as a distinct activity by most of the pelicans 
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the Sand Lake island. 
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counted in each time period (Fig. 9). Individual pelicans began 
preening vigorously irrunediately after rising from a resting or sleep­
ing posture and prior to leaving the island in the morning . This 
activity, once initiated, was rapidly taken up by most of the pelicans 
on the island . Social facilitation was also evident as the departure 
of pelicans from the island stimulated others to follow. 
An average of 18.2 percent of the pelicans counted at 2-hour 
intervals was resting or sleeping. Pelicans used two postures to rest 
and sleep, both of which were adopted from a standing or sitting posi­
tion. The usual resting posture consisted of folding the neck back and 
laying the bill on the lower neck and breast. The posture most often 
adopted in sleeping consisted of pointing the bill posteriorly and 
burying the head and bill among scapular and back feathers. I fre­
quently observed a sequence in which the birds adopted a resting 
posture while standing , then dropped to a sitting position and inm1edi­
ately adopted a sleeping posture. The proportion of birds engaged in 
resting or sleeping tended to be highest in the early morning and 
evening hours (Fig. 9) . Schaller (1964) found that pelicans occupy­
ing an island in Yellowstone Lake , Wyoming were inactive during the 
night � Night observations were attempted twice from the blind at the 
Sand Lake colony, but the darkness of the surrounding cattails obscured 
the pelicans. I noted, however, that the birds were quiet and that 
shining a flashlight on the colony caused some restlessness. 
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An average of 6.4 percent of the pelicans counted at 2-hour 
intervals was swimming or bathing. These activities were most pre­
valent when birds returned to the island and landed in the water or 
landed on the island and walked to the water. Most of the pelicans 
remained near the island in view of the blind while swimming and 
bathing . Bathing movements consisted of plunging the head into the 
water and splashing water on the body with wings and feet. Following 
bathing, the birds moved to the island or stood in the water at its 
edge and preened.  Mean percentage of pelicans engaged in swimming and 
bathing activity increased per period from 0700 through 1659 hours 
(Fig . 9) ; the activity peak in the 1500-1659 hours period corresponded 
to that time cf day when relatively large numbers of birds ::.-eturned 
to the island. 
Groups of five to 24 pelicans were observed to move about the 
island as units while birds within each group engaged in pecking and 
display. Schaller (1964) identified such groups as "courting parties" . 
An average of 28 percent of the pelicans counted at 2-hour intervals 
was engaged in courting party activity. Schaller (1964) described 
four behavior patterns displayed by birds in these groups: the "head­
up" , ''wave-bowing" , "courtship flight", and the " strutting walk" . 
Van Tets (1964) described a fifth display, similar to wave-bowing, that 
he termed "reach-bowing" . A prominent feature of these displays was 
the expansion of the gular pouch, which emphasized its bright orange 
color. The head-up display, consisting of stretching the neck upward, 
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expanding the pouch, and raising the open or closed bill above the 
horizontal, was the display most frequently observed in courting 
parties on the Sand Lake island. A head-up presented by one bird in 
the party facilitated head-up displays by surrounding birds ;  at times 
this display appeared mutual, being synchronized among several birds. 
"'--'-�fieacn=bowing \;onsists·-01 rr1oving-tfie neaa fo:-vjara \�i tn1 �n-e . bill- -
r1cu1� �o ·separa�e �nese a1sp1ays, as ·one wou1ct Otten graae· into the 
other. Birds performing these displays often picked up sand, small 
stones, or cattail stalks that were then dropped or tossed into the 
air. On several occasions birds engaged in bowing were mounted by 
other birds that stepped on the displaying bird ' s  back while grasping 
their head or neck; these attempted copulations lasted no longer than 
two or three seconds and coitus appeared unsuccessful. 
I did not observe courtship flights among courting parties as 
reported by Schaller ( 1964) . Birds that joined the courting parties 
from the air expanded their pouches just prior to landing among the 
party and performed head-up and bow d isplays after landing. 
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The strutting-walk was performed by pairs of birds that left the 
courting party, one bird leading the other, with rapidly walking or 
running steps. The posture of birds performing the strutting-walk 
consisted of stretching the neck vertically, with the bill below hori­
zontal, and with the wrists of the wings held away from the body. As 
observed by Schaller (1964), the leading bird was smaller than the fol­
lowing bird in all of the strutting-walk displays that I observed. 
This display was probably performed by males following females since 
males are larger than females on the average (Palmer 1962). The follow­
ing bird adopted the same posture and performed the same movements as  
the leading bird. On one occasion I watched a pair of birds leave a 
courting party, run around the periphery of the island, enter the 
water, swim a short distance, and fly back to the courting party main­
taining their relative positions throughout the performance. 
Courting parties tended to be most act ive during mid-day and 
least active during morning and evening hours (Fig. 9). Activities 
of courting parties were concentrated near nesting birds, as members 
of the parties appeared to take interest in incubating and brooding 
activities. Courting parties moved quickly to nest sites in which 
copulations and nest-relief displays were being performed, where mem­
bers of the parties then engaged in vigorous pecking and display 
activity. Seventeen (94.4 percent) of the courting parties were ob­
served prior to 4 July, the day that young pelicans began to form a 
group (pod) away from their nests. From 4 July to 1 August only one 
(5.6 percent) courting party was observed. 
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I found no evidence that courting party activity resulted in pair 
formation. Van Tets ( 1965) states that pair formation in pelecaniform 
birds consists of a female selecting a male that is advertising on his 
nest site. He further states that group courtship does not lead 
directly to the formation of pair and nest bonds, and that some of the 
birds in such groups may be members of already established pairs that 
have left their mates at the nest. 
The gular pouch of pelicans has three functions : it is used in 
display (Van Tets 1965, Schaller 1964) , aids in capturing fish (Hall 
1925), and facilitates thermoregulation (Bartholomew et al. 1953). 
Pelicans do not transport food or water in their pouches (Hall 1925). 
Bartholomew et al. ( 1953) studied thermoregulation in young white peli­
cand at Sal ton Sea, California where daytime temperatures normally 
exceeded 40 c. They found that young pelicans under heat stress ef­
fected rapid reduction in body temperature by expanding and fluttering 
their highly vascularized gular pouches; young and adults fluttered 
their gular pouches almost continuously during the day. Temperatures 
recorded at the Sand Lake blind ranged from 8 C to 30 C over the study 
(Table 10). Since I measured temperatures in the shade of the blind, 
three feet above the water, recorded temperatures were usually lower 
than those experienced by pelicans on the island , which were exposed to 
direct solar radiation. Pelicans on the island fluttered their gular 
pouches when temperatures were as low as 20 C; gular flutter at this 
temperature was light and intermittent. Mean temperature at which 
,. 
Table 10. Monthly minimum, maximum, and mean temperature recorded 
at the Sand Lake colony blind, 1973. 
Temperature C 
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Minimum Maximum Mean 
May 8 
June 13 
July 18 
25 
27 
30 
15.5 
22.1 
24.9 
gular flutter was observed was 24.9 C (s.o . = 2.55 C). Rapid and 
nearly constant gular flutter among all of the birds on the island 
occurred at temperatures from 26 C to 30 C when wind velocity was 5 
mph or less; wind velocities of 6 mph or more moderated temperature 
effects (Table 11). 
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Identification of band numbers on 17 pelicans and sightings of 
two color-marked pelicans at the Sand Lake island provided information 
on the origin of birds using the island ,  regional movements, age, and 
age-related plumage characteristics. All of the banded pelicans 
identified were banded in their hatching-year before they were able to 
fly. These birds had been banded at five widely scattered locations; 
12 (70.5 percent) had been banded at Chase Lake National Wildlife 
Refuge, North Dakota,  approximately 100 miles north-northeast of Sand 
Lake (Table 12). Band numbers were identified from 15 May to 5 July 
although nine (52.9 percent) of the identifications were made on 5 
June. Age of the banded pelicans , when sighted at Sand Lake, ranged 
from one to 10 years; eight (47.1 percent) were one or two years old 
(Table 12). On 25 and 30 May, l observed a pelican with its left wing 
dyed yellow; identification of morphological characters indicated that 
the same bird was observed both days. On 5 July, · r  observed a pelican 
with its right wing dyed yellow. These adult birds had been marked 
with picric acid dye at the Chase Lake colony on 3 May 1973 (Lawrence 
E. Strait, Michigan Technological University, Houghton, Michigan, per­
sonal corrununication 26  July 1973). 
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Table 11. Percentage of observations at given wind velocity and 
temperature classes that pelicans fluttered their gular pouches. 
Temperature C 
8 - 15 
16 - 20 
O - 5 mph 
o.o (3? 
11.l (9) 
Wind Velocity 
6 - 15 mph 
o.o (7) 
10.0 ( 1 n )  
!. 
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Table 12.  Location and date of banding of pelicans wearing leg bands 
identified at the Sand Lake colony in 1973.a 
Date Date Age When 
Location Where Banded Banded Sighted Sighted (yeaxs)
b 
Redberry Lake, Sask. 07/01/65 05/30/73 8 
Medicine Lake NWR, Mont. 07/12/67 06/05/73 6 
07/ll/68 05/15/73 5 
Riverside Reservoir, Colo. 06/23/71 06/05/73 2 
Chase Lake NWR, N. D .  07/13/63 06/05/73 10 
07/03/65 06/05/73 8 
07/03/65 06/05/73 8 
07/13/68 06/05/73 5 
07/13/68 06/07/73 5 
07/13/68 06/07/73 5 
07/03/71 05/22/73 2 
07/03/71 06/0'::/73 2 
07/03/71 06/05/73 2 
07/04/71 06/05/73 2 
07/04/71 06/07/73 2 
oa/12/12 06/21/73 1 
Lacreek NWR, s.  D .  07/20/71 07/05/73 2 
aBanding data provided by the Bird Banding Laboratory, Migratory Bird 
Populations Station, Laurel, Maryland. 
bAll pelicans sighted were too young to fly when banded. 
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The small number of band identifications precludes the drawing 
of conclusions; however, the implications are of interest and serve to 
point out areas for further study. Pelicans have been found to wander 
considerably throughout their range during both the breeding season and 
migration (Palmer 1962). Nonbreeding birds may be far removed from 
breeding areas, and some individuals reside in their winterinq areas 
ful, but they may abandon sites following one or more years of repro-
ductive failure (Evans 1972, Vermeer 1970). None of the pelicans 
nesting at Sand Lake in 1973 were wearing bands. Few pelicans have 
been banded at Sand Lake; 25 young pelicans banded in 1965 represents 
the m;st recent banding (Bird Banding Laboratory , Migratory Bird Popu­
lations Station , Laurel, Maryland). It has been shown that pelicans 
have the ability to change colony sites with annual changes in the 
suitability of s ites for nesting and to recolonize sites that again 
become suitable (Evans 1972). This ability is seen as an adaptation 
by pelicans to annual changes in island habitat due to fluctuating 
water levels, changes in vegetation, and soil erosion (Evans 1972, 
Vermeer 1970). 
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The relatively large number of birds banded at Chase Lake sighted 
on the island may be a reflection of the banding effort conducted at 
that colony. The Chase Lake pelican colony is probably the largest in 
the United States; 4,827 nests were counted in 1972 (Sloan 1973). From 
1954 through 1968, 9,773 pelicans were banded at Chase Lake (Bird Band­
ing Laboratory, Migratory Bird Populations Station, Laurel, Maryland), 
and in 1972 more than 1 , 200 were banded (Sloan 1973) .  Sightings of 
these banded birds and the two adult pelicans color-marked at Chase 
Lake in 1973, however, provided circumstantial evidence that p€'1icans 
from Chase Lake used the island at Sand Lake for a loafing site and the 
refuge waters as a feeding area. Pelicans may travel long distances to 
feed; Low et al. (1950) found that white pelicans nesting at Great Salt 
Lake, Utah fly 100 to 150 miles round trip to obtain fish to feed their 
young. 
Observations of banded and marked pelicans in 1973 indicate that 
the island at Sand Lake was occupied by nesting birds, possibly non­
nesting residents, and transient pelicans from other areas. Use of the 
island by transient birds explains, in part , the large daily variation 
in the number of pelicans counted on the island. The implication of 
these results with respect to studies of white pelican colonies is that 
individual colonies do not necessarily represent discrete populations. 
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Pelicans are long-lived birds. A pelican banded ih 1952 at Chase 
Lake was recovered when it was in its seventeenth year (Strait and 
Sloan 1974). Thus, sightings of banded birds at Sand Lake that were 
eight and 10 years of age were not considered unusual. 
The eight banded birds identified at Sand Lake that were one or 
two years old lacked plumage and coloration characteristics that were 
found on older birds . Breeding plumage, acquired in late winter and 
spring, consists of pale yellow lanceolate plumes on the crown, nape, 
and upper breast; the lesser upper wing coverta and scapulars are modi­
fied as pale yellow plumes. The bill, pouch, legs, and feet are orange 
or salmon, and the upper mandible supports a fibrous, roughly triangu­
lar plate about one-third of the way back fron, the tip (Palmer 1962) . 
During mid- to late-incubation the bill plate is shed, and crown plumes 
are replaced with gray to black down-like feathers . Most of the birds 
observed on the island and all of the nesting birds had breeding plu­
mage . Some of the birds observed on the island had white body plumage 
that lacked crown, breast, and wing plumes; their bills and pouches 
were white to pink, feet and legs were yellow, and bill plates were 
absent. On 3 July, 21 ( 11.2 percent) of 188 pelicans counted on the 
island lacked breeding plumage. The age at which pelicans acquire 
plumage and the age at which they first breed are not known (Palmer 
1962) . Strait and Sloan ( 1974) assumed a minimum breeding age of three 
years in their life table analysis of the Chase Lake population. My 
observations indicate that pelicans do not breed when they are one or 
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Fig. 10. Distribution of pelican nests (black dots) on the Sand Lake 
island in 1972 and in 1973 ( cormorant nests outlined by dashed line). 
A =  goose nesting structure; B = 1973 blind. 
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late May, as no hatching had occurred by 28 June. Although average 
water levels in May of 1973 were over one foot higher than in May 
1972, water levels from May through June were decreasing in 1973 and 
increasing in 1972 (Table 13). The proximity of pelican and cormorant 
nests in 1973 appeared to be related to the availability of nest 
material. Pelican nests vary from slight depressions in the soil to 
mounds of soil and debris with shallow depressions and outside rims; 
nest mounds may be two to three feet in basal diameter and up to 12 
inches high (Palmer 1962). Pelicans apparently prefer to establish 
nests in areas where loose soil or debris can be retrieved for nest 
construction; only material that can be reached from the nest is re­
trieved (Schaller 1964, Grinnell 1908). The relatively large central 
portion of the Sand Lake island is composed of hard-packed soil; nests 
in this area in 1972 consisted of only slight depressions; no nesting 
attempts were made in this area in 1973. Double-crested cormorants 
obtain nest materials , usually cattail stalks, at some distance from 
their nests, and areas adjacent to cormorant nests are covered with 
. cattail stalks, cormorant feathers, and other debris that pelicans 
utilize for nest material. 
Greichus and Greichus (1973) suggested that double-crested cormor­
ants nia y deter white pelicans from establishing nests near them 
by interspecific aggression. I found no evidence of interspecific 
exclusion or intolerance between the two species at Sand Lake. Nesting 
pelicans and cormorants pecked each other as well as members of their 
Table 13. Monthly mean elevation of Sand Lake Pool, Sand Lake 
National Wildlife Refuge in 1972 and 1973.a 
1972 1973 
Mean Monthly Mean 
Month Elevation Change Elevation 
April 1287.00 1287.33 
May 1286.30 -0.70 1287.40 
June 1287 .20 +0.90 1287 .08 
July 1287 .20 o.oo 1286.52 
August 1286.80 -0.30 1286.03 
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Monthly 
Change 
+0.07 
-0.32 
-0.56 
-0.49 
aElevation readings taken at Columbia Dam on the south end of Sand 
Lake, courtesy of Louis S. Swenson, Manager, Sand Lake National 
Wildlife Refuge. 
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own species when birds approached within reach of incubating or brood­
ing adults. Grinnell (1908) noted that the spacing of pelican nests 
was equal to the combined lengths of two birds' necks. The minimum 
distance between pelican and cormorant nests at Sand Lake approximated 
that noted by Grinnell (1908); in no case were nesting pelicans able 
to reach the nest of other pelicans or of cormorants. 
The establishment o f  a total of 29 nests occurred during two dis­
tinct periods in 1973. The first 23 nests were established by 10 May 
when I began observation from the blind; the other six nests were es­
tablished in early June. This latter group was completely destroyed 
or abandoned due to · mammalian predation and/or disturbance shortly 
before or after hatching. The earlier nesting was more successful al­
though four nests on the southwest side of the island were abandoned 
prior to hatching by 30 May and five additional nests, three on the 
north side and two on the east side , were abandoned prior to hatching 
by 7 June. I did not determine the cause of these abandonments. How­
ever , on 5 June at 1930 hours a female white-tailed deer came on the 
island from the east side causing nearly all of  the 145 pelicans occu­
pying the island to depart. Incubating and brooding adults remained on 
their nests each adopting an alert posture with head and body erect, 
neck stretched vertically, and wings held slightly away from the body. 
The deer walked and ran around the island approaching within about five 
feet o f  several nesting pelicans before leaving the island at 1942 
hours. Pelicans that had formed a group about 100 yards west of the 
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nests were located at the southwest side of the island in approximately 
the same locations as four nests that had been abandoned. From 5 to 6 
June, clutches in two of these nests increased from one egg to two 
eggs. Clutch size in these nests had been reduced to one by 3 July, 
when I observed that one egg from each nest was lying outside of the 
nests. The remaining egg in each of the two nests hatched from 4 to 5 
July, 28 to 30 days after the clutches were completed. Since I did not 
know which of the two eggs in each nest was removed prior to hatching , 
length of incubation may have been greater than 28 to 30 days. Bendire 
reported that pelican eggs placed under a domestic hen hatched in 29 
days (in Bent 1922:286), and Bent (1922) stated that the incubation 
period is about one month. 
Between 5 and 9 July, the six nests established in June had been 
abandoned or destroyed due to raccoon predation and/or disturbance. I 
observed raccoon tracks leading from the cattails on the east, south­
east, and southwest sides of the island. Examination of the cattails 
around the island revealed many trails, most of which converged on the 
southeast side of the island, that had apparently been used by raccoons 
and white-tailed deer. Eight carcasses of young cormorants were found 
along several of these trails about 15 feet away from the island. Dur­
ing all periods of observation from 9 July to 18 August pelicans and 
cormorants avoided the south and east sides of the island, confining 
their activities to the west and north sides. Factors that contributed 
to raccoon predation and disturbance of the colony include low water 
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levels during July (Table 13) that made the island more accessible and 
the proximity of cattails (Fig. 2) that provided cover and allowed 
raccoons to enter the colony with little warning. Vermeer (1970) found 
that pelicans in six Canadian colonies did not nest near shrubs or 
herbaceous cover. He concluded that pelicans prefer nest sites that 
provide them the opportunity to see arriving predators ,  and that they 
days, and the fledgling period 40 days. A i:ot.aJ. ur Lo �YYb ua .,.., ......... 
a survival rate of 0.49 over the 29-day incubation period resulting in 
a da ily survivol rate of 0 . 975. Sixteen nestlings survived to leave 
their nest for a survival rate over the 30-day nestling period of 0.57 
resulting in a daily survival rate of 0.982. The fledgling survival 
rate, at approximately 70 days after hatching, was 0.81 with 13 of the 
16 fledglings reaching flight stage; the estimated daily survival rate 
was 0.986. The greatest mortality occurred during the incubation phase 
of the nesting cycle; this loss resulted from high rates of nest aban­
donment and/or nest destruction prior to hatching of eggs (Table 14). 
75 
Table 14. Summary of nest data for the Sand Lake pelican colony, 1973. 
1 .  Total nest established 
2.  Nests abandoned before hatching 
3. Nest abandoned or destroyed just 
before or after hatching 
4.  Nest successful in hatching 
5.  Nest abandoned or destroyed 
after hatching 
6 .  Total eggs a 
7.  Nestlings hatched 
a.  Nestlings leaving nests 
( fledglings) 
9.  Young fledged (juveniles) 
Percentage 
Number of Total 
29 
9 31  
4 14 
16 55 
3 10 
57 
28 
16 
13 
Number 
per Nest 
1 . 97 
0.97 
0 . 55 
0.45 
aTotal eggs estimated based on mean clutch of 1.95 eggs calculated for 
20 nests ; clutch size was not determined for nine nests. 
76 
The net result was a survival rate of 0.23 juveniles per egg over the 
99-day period from start of incubation to fledging (Fig. 11). 
Reproductive Behavior 
White pelicans are monogamous, and pair-bonds are maintained for 
one or more seasons; both sexes share in incubatibn and rearing of 
young (Van Tets 1965). Reproductive behavior consists of nest site 
selection, copulation, nest relief, incubation, and feeding and care 
of young following hatching. 
Although I did not observe nest site selection, this behavior was 
suggested by the activities of a pair of pelicans observed on 22 May 
from 1445 to 1508 hours. The pair approached an area about 10 feet 
east of the group of nesting birds at the southwest side of the island 
and began picking up cattail stalks and small stones dropping them in 
front of where they stood, pausing occasionally to preen. The smaller 
bird (presumably the female) then sat on the "nest site". The male 
stood beside and slightly behind the female, and both birds continued 
to pick up nest material placing it beside the body of the female. The 
male began preening the nape of the female and then he grasped her up­
per neck between his mandibles and, with flapping wings, mounted her. 
The attempted copulation lasted about five seconds, and it did not 
appear that cloacal contact was made. The pair continued to preen and 
deposit materials in the "nest". After sitting for about 14 minutes, 
the female stood and walked into the water, the male followed, and the 
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pair then flew southwest with the female leading. I observed no 
further activity at this "nest site" during the study. 
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Copulation in nesting pelicans normally occurs on the nest site 
(Van Tets 1964), although successful copulation may also occur among 
birds in courting parties (Schaller 1964). Six copulations were ob­
served on 5 and 6 June. Three of these copulations appeared to reach 
completion. The sequence of behavior during copulation was that the 
male preened the back and nape of the female, then, grasping her neck 
as she crouched on the nest with her neck extended forward and bill 
pointing down, the male stepped on the female ' s  back treading while 
flapping his wings • .  Male and female grunted during copulation. The 
male then stepped from the female 's  back releasing her neck and both 
birds began preening and depositing material in the nest. After one 
of the three successful copulations the male exhibited a head-up dis­
play upon stepping from the female' s  back. Van Tets (1965) stated that 
pelicans do not have special pre- and post-copulation displays. 
Elapsed time from preening the female ' s  nape to stepping down from the 
female ' s  back was 15 seconds in  two of the copulations observed and 19 
seconds in the third. In the three copulations that did not reach 
completion the male did not preen the female ' s  nape and he stepped on 
her back before she crouched ; cloacal contact was not made •. Elapsed 
time in one of these unsuccessful copulations was six seconds. On 24 
June a pelican of undetermined sex left a courting party and mounted 
three nesting pelicans in succession. These attempted copulations were 
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not successful , as the nesting birds shook their necks free and vio­
lently pecked the mounting pelican. On 22 May a male that had been 
relieved from tending its nest at the southwest side of the island 
approached a female on her nest at the north side of the island , 
grasped her neck and mounted; the attempted copulation was not com­
pleted and the male was violently rejected by the female , 
Following completion of the clutch , one member of a pair left the 
island while its mate attended the nest, Members of a pair relieved 
each other of nest attendance periodically during the nesting season. 
Intervals between nest reliefs ,  observed consecutively at four nests , 
ranged from 20 to 72 hours with a mean of 45,5 hours (s.o. = 21,38 
hours). The nest relief ceremony consisted of a $eries of hec>d-1.1p and 
bow displays among the members of a pair at  the nest (Fig. 12). A b i.rd 
on the nest (male or female) exhibited a head-up display upon recog­
nizing its mate, which had landed on the island; mate recognition oc­
curred at a maximum distance of about 30 feet. The mate then exhibited 
head-up displays as it approached the nest. Displays at  the nest were 
initiated by  one member of the pair and inunediately followed by the 
other member , but after several displays were exhibited they became 
mutual or nearly so among both birds. Wave-bowing displays graded into 
head-up displays as each bird swayed its head in a sweeping arc from a 
bow position, Guttural growls and grunts were emitted by the birds as 
they displayed . The pair pau sed between bouts of display to preen 
and gather nest material. Display ended when the bird sitting on the 
Fig. 13. Completion of 
eggs in the nest and 
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nest stood and stepped off the nest and its mate stepped on the nest, 
touched one or more eggs with the tip of its bill (Fig. 13) and then 
sat on the nest. The bird that had previously been on the nest soon 
walked away and flew from the island. Nest relief displays are thought 
to promote recognition between members of a pair and to promote main­
tenance of pair and nest-bonds (Van Tets 1965). Nest relief occurred 
throughout the period of nest attendance , but displays became less 
elaborate during the last half of the nestling period until members of 
a pair traded places at the nest with only one or two head-up displays 
during the final days of the nestling period. 
Incubating pel�cans engaged in four classes of activity when they 
were not resting o:: sleeping: preening, egg-turning, pecking or threat, 
and changing position on the nest. A fifth activity, gathering and de­
positing nest material, was integrated with the four other activities; 
therefore , I did not collect quantitative data on nest material gather­
ing. 
Incubating pelicans preened an average of 2.6 times per hour 
(S.D. = 0.63). Bouts of preening lasted an average of 3.0 minutes 
(S.D. = 2.80 minutes). Preening was the activity engaged in most often 
of the four activities throughout all periods of observation. 
Pelicans turned or shifted their eggs by raising their. breasts 
from the nest and pulling their eggs toward the feet. This activity 
took an average of 16.4 seconds (s.o. = 10.36 seconds) to complete and 
occurred an average of 0.6 times per hour (S.D. = 0.25). 
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Pecking or threat occurred an average of 1 . 1  times per hour 
(s.o. = 0 . 65) with bouts of pecking activity lasting an average of 
45.0 seconds (S.D. = 35.54 seconds ) .  Incubating pelicans pecked any 
intruder of any species (white pelican, double-crested cormorant, or 
ring-billed gull) within their reach, Pecking was usually directed 
-' ... ....__ .,.....,,,4 nr nP.ck of an intruder, and it consisted of thrusting 
of the other ' s  nest. This activity resulted in pecking oa��L�� uc-
tween birds on adjacent nests, although threat was often sufficient 
to cause retreat of intruding pelicans. I found no evidence of 
dominant-subordinate relationships among pelicans on adjacent nests, 
Cormorants and gulls were seldom pecked, as they tended to avoid nest-
ing pelicans; cormorants usually approached their nests from the in-
terior of the island by flying over the heads of the nesting pelicans. 
Incubating pelicans changed their position on the nest an average 
of 1.4 times per hour (S.D . = 0.52) . Change in position was accom-
plished by standing and moving slowly from more than 60 to greater than 
. . 
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360 degrees to the right or left then settling down on the nest by 
placing the inside web of each foot over each egg (in a two egg clutch) 
and sitting slowly while supporting the body with the wrists of each 
wing. This activity took an average of 1 .4 minutes (S.D. = 1.03 min­
utes) to complete. Pelicans appeared to incubate their eggs by placing 
the inside web of each foot over each egg. I found no published re­
ports of this behavior in pelicans, but gannets (Morus bassanus , Order 
Pelecaniformes, Family Sulidae) are reported to lay a single egg, which 
they incubate by covering with the web of each foot, one foot over­
lapping the other (Palmer 1962, Bent 1922). 
Incubating pelicans often engaged in several activities between 
periods of resting or sleeping. Preening most often occurred by it­
self; whereas, a position change almost invariably accompanied egg­
turning (Table 15). 
Young white pelicans were naked at hatching (psilopaedic), help­
less (altricial), and remained in the nest for some time after hatching 
(nidicolous). During the first few days following hatching young peli­
cans lay quietly in the nest under brooding adults; they were barely 
able to lift their heads. Adults fed their young by regurgitating par­
tially digested food. Nestlings aged one week or less obtained food by 
lifting their heads to the lowered bill of the adult and feeding from 
the tip of the adult ' s  lower mandible. At approximately 12 days of age 
the nestlings were covered with down and began to sit and crawl around 
the nest; at this time they also began begging and feeding from the 
adult's pouch. When 18 to 20 days old the young pelicans were able to 
crawl from the nest, to sit with the support of their tarsi,  and they 
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Table 15. Association of act ivities of incubating pelicans expressed 
as the percentage of primary activity observations in which the asso­
ciated activity was concurrent. 
Associated Activity 
Egg Pecking Position 
Primary Activity Preening Turning or Threat Change 
Preening (282)a 65.6b 12.a 13.1 33.7 
Egg Turning (36) 57.1 1.9b 14.3 88.9 
Pecking or Threat (37) 46.8 11.4 46 .ab 22.a 
Position Change (95) 62.5 36.8 11.8 31.6b 
arotal observations of primary activity in parentheses. 
bpercentage of observations that primary activity occurred alone. 
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began to beg vigorously. Begging consisted of flapping the wings, 
bobbing the head back and forth, and squawking. Parents responded to 
their begging young by pointing their bills down toward the young. The 
begging young then touched the side of the parents 1 bill, which was 
then opened, entered the pouch or throat of the parent and fed. Young 
pelicans fed as long as they were allowed; often the parent had to 
shake its head from side to side and step backwards to dislodge the 
feeding young from its pouch. Following feeding young pelicans fell 
to the ground, squawking loudly while flapping their wings and jerking 
their head back and forth and from side to side. Elapsed time of 18 
feedings averaged 2 .. 0 minutes (s.o. = 1 . 57 minutes ) .  Nestlings were 
fed a!1 average of 0,8 times per hour (s.o. = 0 ,42) . 
Nestlings began to stand and take a few steps at approximately 22 
days of age. At this stage of development adults periodically began to 
leave their nestlings unattended at the nest. Individual nests were 
unattended an average of 3 ,6  hours (S,D. = 2,52 hours) per day (0700 to 
1900 hours) from 22 June to 5 July, when the young pelicans left their 
nests to form pods (groups of fledglings) at about 30 days of age. 
Nests were left unattended during all periods of observation although 
most often between 1500 and 1700 hours (Fig. 14) ; While unattended, 
nestl1ngs were subject to sexual assaults by adult pelicans . Adults 
approached the nestlings, grasped their heads or necks, and mounted 
them. Individual nestlings were assaulted an average of 0.3 times per 
hour (S.D.  = 0 .21) . Parents that returned to the island chased 
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interlopers away from their nests. The nestlings did not appear to 
incur ill effects from these assaults. Schaller (1964) stated that 
young pelicans may elicit copulatory behavior in adults by their move­
ments and crouched position in their nests. I observed that nestlings 
often responded toward an approaching adult by begging followed by 
attempted entrance into the adult ' s  pouch. This behavior resulted in 
the adult grasping the neck of the nestling and mounting. 
After establishing the pod, the fledglings confined themselves to 
the northwest and west sides of the island. Sexual assaults of the 
fledglings were less frequent than during the nestling stage, occurring 
an average of 0.1 times per hour (S.D. = 0. 17). Adults appeared to 
discriminate among -:he fledglings in the pod, as they approached and 
fed one fledgling among several that were begging. Adults fed indi­
vidual fledglings an average of 0.1 times per hour (S.D. = 0.08), 
which was less frequently than they fed nestlings. Fledglings first 
entered the water, staying next to the island, when they were about 
38 days old. At about 47 days of age, when they were nearly fully 
feathered with juvenal plumage, the young pelicans began swirruning away 
from the island usually in small groups with or without adults, al­
though they seldom ventured farther than about 100 yards offshore. At 
about
.
56 days of  age the fledglings, usually accompanied by one or 
two adults, swam more extensively, often out of my view from the blind. 
The young pelicans may have been learning to feed themselves at this 
time, although they continued to beg and were fed by adults. I noted 
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one fledgling that begged and was fed while swimming about 50 yards 
west of the island. Fledglings spent a great deal of time exerc ising 
their w ings; when approaching the island in the water they covered the 
last 15 to 20 yards by flapping their wings and kicking both feet 
simultaneously in the same fashion as  adults taking flight. On my 
� __ , --� -�+ +n +hP island on 18 Augu st, I noted that the 13 young 
(Table 17). Since human disturbance , particularly during incubation 
and nestling periods ,  has been considered an important factor in caus­
ing reproductive failure in pelican colonies (Vermeer 1970, Thompson 
1933) , counts were made from the mainland on each lake to avoid dis­
turbing the colonies .  The number of nests counted on the f irst visit 
to ea9h island was used as an estimate of total nests established in 
each colony. These estimates represent the minimal number of nests 
established,  since abandoned nests and late-established nests may have 
been missed. Nearly all of the young pelicans in each colony counted 
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Table 16. Lakes visited and pelicans counted (adults and subadults) 
in northeastern South Dakota, 1973. 
Number of 
County Lake Date Pelicans 
Roberts Cottonwood 6 July 21 
Traverse 6 July 7 
Big Stone 6 July 0 
Drywood Lakesa 31 May 226 
11 July 141 
19 August 156 
30 August 119 
Grant Twin Lakes 1 July 5 
Albert 1 July 0 
Crooked 1 July 0 
Deuel Round 1 July 30 
Two Woods 1 July 0 
Clear 23 July 0 
Cochrane 23 J:.ily 22 
Alice 23 July 10 
Fox 23 July 0 
Fish 23 July 41 
Brookings Oakwood Lakes 24 April 0 
2 July 24 
Campbell 24 April 150 
9 June 0 
Kingsbury Preston 4 June 0 
Whitewood 4 June 30 
Henry 27 June 19 
Thompson 27 June 112 
Albert 13 July 52 
Beadle Cavour 4 June 0 
Byron 4 June 0 
Hamlin Norden 13 July 0 
St. John 13 July 0 
Dry 26 June 9 
18 July 51 
Florence 26 June 0 
Poinsett 23 April 30 
18 July 17 
Marsh 18 July 0 
Clear 18 July 0 
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Table 16. (continued) 
Number of 
County Lake Date Pelicans 
Codington Long 26 June 15 
Stink 26 June 0 
Madison 26 June 0 
Nicholson 26 June 0 
Medicine 26 June 0 
Kings 13 July 0 
Grassa 26 June 552 
13 July 91 
19 August 187 
30 August 208 
Clark Swan 26 June 14 
8 July 25 
20 July 10 
Spink Cottonwood 18 June 0 
Twin 1e Ju:-:� 0 
Brown Sand a 10 May-18 August 2-356 
Elm 19 June 0 
Willow Creek 19 June 0 
Richmond 19 June 0 
Faulk s.  Scatterwood 19 June 9 
Edmonds N. Scatterwood 19 June 0 
Parmley 19 June 0 
McPherson Elm 19 June 10 
Marshall Roy 31 May 5 
11 July 26 
22 July 4 
Buffalo Lakes 31 May 8 
Clubhouse 18 June 1 
20 July 383 
22 July 60 
Kettle Swamp 18 June 3 
20 July 8 
22 July 56 
Four Mile 22 July 74 
Piyasa 31 May 268 
11 July 109 
19 August 134 
30 August 36 
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Table 16. (continued) 
Number of 
County Lake Date Pelicans 
Day Bitter 24 April 0 
11 May 0 
18 June 2 
1 1  July 0 
s. Waubay 24 April 3 
24 May 8 
18 June 14 
11 July 22 
Antelope 18 June 0 
Lonesome 11 July 0 
Waubay Lake 18 June 0 
11 July 1 
Spring 31 May 0 
11 July 0 
Enemy Swim 31 May 0 
11 July 13 
Pickerel 11 July 0 
Rush 11 May 0 
26 June 2 
Blue Dog 11 May 0 
8 July 0 
aLakes with pelican nesting colonies in 1973. 
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Table 17. Nests and young counted in pelican colonies in northeastern 
South Dakota, 1973. 
Number Number 
Date of Nests of Young 
Piyas Lake 31 May 139 
11 July 32 87 
19 August 148 
30 August 121 
N.  Drywood Lake 31 May 154 
11 July 190 
19 August 156 
30 August 163 
Grass Lake 
N. w. Island 26 June 146 27 
13 July 27 89 
19 August 133 
30 August 141 
s. E. Island 26 June 164 
13 July 24 121 
19 August 143 
30 August 139 
r 
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on 30 August had reached or were near flight stage, suggesting that 
greater synchrony of hatching among colonies and within colonies oc­
curred in 1973 than in 1972. Production of 163 young at North Drywood 
Lake in 1973 (Table 17) represented a 36.9 percent increase over pro­
duction in 1972 (Table 9). Records of previous years'  production at 
Piyas Lake and Grass Lake are not available. 
Pelicans failed to nest at South Waubay Lake for the third con­
secutive year. Nesting double-crested cormorants appeared to occupy 
nearly all available space on the island in 1973. Pelicans loafing on 
the island in 1973 were observed on four occasions (Table 16) to occupy 
only a small sandy 9rea next to shore on the northeast side of the 
island . The South Waubay Lake island has decreased in size due to 
erosion by wave action (Robert R. Johnson, Manager, Waubay National 
Wildlife Refuge, personal conununication 31 March 1972). Thus, there 
may not be sufficient space on the island to support a pelican colony. 
Pelicans failed to nest at Bitter Lake in 1973. I observed only 
two pelicans near the peninsula on one of four visits to the lake 
(Table 16). Nesting on the B itter Lake peninsula may be sporadic since 
the colony site is easily accessible to humans and manm1alian predators, 
and thus offers less than ideal conditions for establishment of a 
pelican colony. 
The largest pelican colony in the state was located at Lacreek 
National Wildl ife Refuge. This colony has been thriving, and increases 
in both the breeding population and young produced have occurred over 
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the past 10 years. In 1973 an estimated 1200 breeding pairs produced 
1,317 young. The number of young produced was the highest recorded 
over the past 10 years, representing a 57 percent increase over the 
previous year ' s  production of 838 young, and a 54 percent increase over 
the preceding nine year 's average of 856 young. 
The 1973 breeding population for South Dakota was estimated at 
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Table 18. Breeding population and production estimates of pelican 
colonies in South Dakota, 1973. 
Number Number Young Young 
Colony of Nests of Young Per Nest per Adult 
Piyas Lake 139 (7 .6? 121 (6.4) 0.87 0.44 
N. Drywood Lake 154 (8.4) 163 (8.6) 1.06 0.53 
Grass Lake 
N. w. Island 146 (7.9) 141 (7.5) 0.97 0.48 
s. E. Island 164 (9.0) 139 (7.3) 0.85 0.42 
Sand Lake 29 (1.6) 13 (0.7) 0.45 0.22 
La creek 1 ,200 (65.5) 1,317 (69.5) 1.10 0.55 
Total 1 ,832 ( 100.0) 1 ,894 ( 100.0) 1.03 0.52 
aPercentage of state total in parentheses. 
.. 
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CONCLUSIONS 
The Control, PCB, and DDT groups of  penned white pelicans learned 
to respond to a positively reinforced stimulus in an operant condition­
ing experiment. Learning performance, in terms of response rates and 
response latency , improved over time in the three' groups. However , 
since variation in performance among birds within each group was large, 
a statistical analysis could be expected to detect only large differ­
ences among treatment groups. The only significant difference among 
groups was found in the extinction phase of study, in which the DDT 
group exhibited a greater resistance to extinction than the Control 
and PCB groups , and the Control group exhibited a greater resistance 
to extinction than the PCB group. 
Several factors that could not be measured , as they were beyond 
the scope of this study, may have contributed to the variation among 
birds within the treatment groups. For example , physiological state , 
motivation, and motor and behavioral development can be expected to 
vary between individual birds. These factors may have contributed to 
the variation among groups in the number of birds responding. Al though 
the significance of differences among the groups in the number of birds 
responding could not be determined statistically,  decline in respon­
siveness in two PCB birds and one DDT bird ,  while all birds responded 
in the Control group , during the relearning phase of study , and com­
plete failure to respond in two PCB birds and one DDT bird throughout 
the experiment suggest that treatments may have affected some birds 
but not others . 
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Consistent differences in learning ability among treatment groups 
were not demonstrated by this study, but the inconclusive nature of 
the results indicates that further studies of the effects of environ­
mental contaminants on learning behavior are warranted. More defini­
tive results could be obtained with improved experimental design and 
equipment . Since variation among birds may be expected to be high, 
initial conditioning prior to treaunent application could be conducted 
to stratify birds into groups based on their level of performance. 
Birds from each str�tified group could then be randomly assigned to 
treatment groups and treatment applications and operant conditioning 
experiments conducted. The swimming pool used in my study was small 
( 12 feet in diameter) relative to the size of the young pelicans, which 
had the primary effect of minimizing the range of possible response 
latencies. Studies could be improved by using a pool of at least 16 
feet in diameter. 
Operant conditioning experiments are necessarily conducted under 
highly artificial conditions, and it cannot be inferred that high 
levels of performance in response rate and response latency are adap­
tive with respect to survival of pelicans in the wild. Conyersely, 
lack of responsiveness and aversive reactions to the experimental situ­
ation cannot necessarily be considered maladaptive. 
98 
The estimated white pelican breeding population of 3 ,664 adults 
for South Dakota in 1973 represents a 78 .7 percent increase over 
Sloan's (1973) estimate of 2,050 adults in 1972 and a 92.8 percent 
increase over the estimate of Lies and Behle (1966) of 1 , 900 adults 
in 1964. These estimates indicate a trend of increase in the state 
breeding population from 1964 to 1973 with an increase in the number 
of breeding adults at Lacreek Refuge, a decline in the number of breed­
ing adults at Sand Lake Refuge, and absence of breeding at South Waubay 
Lake from 1971 through 1973. However , the population trend in north­
eastern South Dakota is uncertain, since earlier estimates based on 
questionnaires are subject to two major sources of error: (1)  number 
of breeding adults reported may be in error, and (2) colonies may be 
missed in the surveys . Although I observed only 18 nests and no young 
pelicans in the Sand Lake colony on 28 June 1972, 300 breeding birds 
and production of 125 young were reported for Sand Lake in 1972 (Sloan 
1973) .  Colonies located at Bitter Lake and North Drywood Lake were 
not considered in the state ' s  1972 breeding population estimate by 
Sloan (1973) .  In  1973 colonies that were not included in earlier sur­
veys (Piyas, North Drywood, and Grass lakes) contributed 32.9 percent 
of the breeding pairs and 29.8 percent of the production to the state 
total'. It is not known when these colonies first became established 
in South Dakota or if pelicans nest at these locations every year. 
Pelicans may change colony sites in response to both changes in the 
suitability of the sites for nesting and previous reproductive success 
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as affected by human disturbance and mammalian predation (Evans 1972, 
Vermeer 1970) . Lack of nesting at Bitter Lake in 1973 and South Waubay 
Lake in 1971 through 1973 may represent a change in distribution of 
breeding birds to other colonies in northeastern South Dakota , rather 
than a decline in breeding population. Although evidence of inter­
specific aggression and intolerance between white pelicans and double­
crested cormorants was not found in the Sand Lake _colony, pelicans may 
be prevented from nesting at South Waubay Lake due to large numbers of 
cormorants taking up most of the available space on the island, which 
has decreased in size due to bank erosion. 
Maintenance of a viable nesting colony of pelicans at Sand Lake 
may not be possible if the number of breeding pairs and their rate of 
production continues at the level found irl 1973 (0.22 young fledged 
per breeding pair) . Post-fledging and adult survival rates are not 
known for the Sand Lake population. Strait and Sloan (1974) calculated 
that 39 percent of the fledglings banded at Chase Lake between 1928 
and 1956 survived to an assumed breeding age of three years. With this 
level of survival, an assumed breeding age of three years, and a 0.22 
fledging rate, the Sand Lake population would require an average annual 
adult survival rate of 91 .4 percent to sustain a stationary breeding 
popula'tion . 
Recommendations for managing white pelican colonies include main­
tenance of islands by controlling bank erosion, creation of islands, 
protection of islands from human disturbance and mammalian predation, 
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and annual monitoring of pelican breeding populations and production. 
Specifically, conditions for nesting at Bitter Lake could be improved 
through creation of an island by cutting a water channel through the 
peninsula on the west side of the lake. The colony at Sand Lake re­
quires protection from mammalian predation and disturbance, which 
might be accomplished by deepening the water channel around the island, 
eliminating cattails around the island, and controlling the water level 
to maintain deep water conditions through mid- to late- July. Annual 
population surveys are needed to monitor trends and establish manage­
ment needs. Such surveys need to consider that breeding pelicans may 
change their distri�ution from year to year; defining population units 
is difficult, and population status, at least in northeastern South 
Dakota, should be considered on a regional basis, rather than on an 
individual colony basis. Pelicans occupying a colony may consist of 
nesting birds , non-nesting birds , and transients from other areas; 
thus, estimates of the number of adults nesting in a colony cannot be 
based on counts of the number of birds occupying an island. 
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